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NEW ALLEN-BRADLEY BULLETIN 700 RELAYS 


Improved features set new performance standards 


For years, Allen-Bradley Bulletin 700 Type B 
and T'ype BX relays have been preferred for 
their long life and trouble free operation. The 
improvements in the new Bulletin 700 Type B 
and Type BX relays will set new performance 
standards wherever they are used. Naturally 
they use the famous A-B double break, silver 
alloy contacts which always remain in perfect 
operating condition without cleaning or filing. 
The cast coil cannot be damaged by the sever- 
est atmospheric conditions. 


These new Allen-Bradley Bulletin 700 Type B 
and Type BX relays offer even greater value 
and greater reliability than ever before—but 
the price has not been changed. 


® New mechanical design gives at least 5 times 
greater operating life. 


® New contact motion provides 10 times greater 
electrical reliability. 


® Complete interchangeability—mounting 
dimensions are unchanged. 


@ New hermetically sealed plastic coil fits 
Bulletin 700 relays presently in use. 


® New, stronger, movable contact crossbar— 
also fits old relays. 


@ New reinforced stationary contact blocks— 
interchangeable with previous design. 


Allen-Bradley Co., 1301 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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Member of NEMA 
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THE COVER: With these instru- 
ments and controls at the 
Arnold Engineering Develop- 
ment Center, flight conditions 
are simulated in the huge wind 
tunnels located behind the 
panel. Now in operation is the 
transonic wind tunnel, powered 
by a 4-motor Westinghouse 
machine. Story on p. 172. 
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WIZARD 
OF 


ODDS He solved a telephone traffic problem two centuries ago 


Jacques Bernoulli, the great Swiss mathematician, pon- 
dered a question early in the 18th century. Can you mathe- 
matically predict what will happen when events of chance 
take place, as in throwing dice? 

His answer was the classical Bernoulli binomial distri- 
bution—a basic formula in the mathematics of probability 
(published in 1713). The laws of probability say, for in- 
stance, that if you roll 150 icosahedrons (the 20-faced 
solid shown above), 15 or more of them will come to rest 
with side “A” on top only about once in a hundred times. 

Identical laws of probability govern the calls coming 
into your local Bell Telephone exchange. Suppose you are 
one of a group of 150 telephone subscribers, each of whom 
makes a three-minute call during the busiest hour of the 
day. Since three minutes is one-twentieth of an hour, the 


probability that you or any other subscriber will be busy 
is 1 in 20, the same as the probability that side “A” of an 
icosahedron will be on top. The odds against 15 or more 
of you talking at once are again about 100 to 1. Thus it 
would be extravagant to supply your group with 150 trunk 
circuits when 15 are sufficient for good service. 

Telephone engineers discovered at the turn of the cen- 
tury that telephone users obey Bernoulli’s formula. At Bell 
Telephone Laboratories, mathematicians have developed 
the mathematics of probability into a tool of tremendous 
economic value. All over the Bell System, the mathematical 
approach helps provide the world’s finest telephone service 
using the least possible equipment. The achievements of 
these mathematicians again illustrate how Bell Labora- 
tories works to improve your telephone service. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 
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RMears 
circuit breakers 
meet every 


requirement 


for reliability 
economy 
adaptability 
performance 


On the drawing board, in exhaustive development tests, in rugged industrial use, Mears 
Circuit Breakers stand up to the most rigid requirements of design and performance. 
Manufactured by an independent company whose primary concern is the production of 
a superior circuit breaker, the Mears line offers flexibility and quality which are unsur- 
passed. When you see the big ‘““M”’ on a circuit breaker, you know this breaker will outlast 
the equipment it serves! 


INDEPENDENT MANUFACTURERS OF AIR AND FUSED CIRCUIT BREAKERS IN THE 600-6000 AMP. RANGE 


Write for new catalog to 


MEARS ELECTRIC CIRCUIT BREAKERS. inc. 
P. O. Box 3798, Portland 8, Oregon 
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Absolute Max. Ratings (at 30°C; $0 to 100 cps, resistive or inductive load) 





X10RC3 
X10RC5 
X10RC7 
X10RC10 
X10RC15 





X16RC2 
X16RC3 
X16RC5 
X16RC7 
X16RC10 
XISRC15 
X16RC20 
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WIDEST LINE! 





SPECIFY THE LEADING LINE... 
All standard Controlled Rectifier 


types are available 


“off the shelf’ 


from strategically located Interna- 
tional Rectifier Authorized Industrial 
Distributors and through our Indus- 
trial Representatives throughout the 


world. 


INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA 


NEw YOR 


FRANKLIN 2-3888 @ 





10 AND 16 


AMPERE TYPES 


10 125 
10 125 
10 125 
10 125 
10 125 
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16 125 
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16 125 
16 125 
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70 
100 
150 
200 





The International Rectifier ‘‘Thyrode’”’ Silicon Controlled Rectifier 
is a three-junction, hermetically sealed semi-conductor device that 
will block positive anode to cathode voltage as does a thyratron. 
When a signal is applied to its third (gate) lead, the device rapidly 
switches to a conducting state and provides the low forward voltage 
drop of a typical medium power silicon rectifier. Current flow may 
then be halted, by reversal or removal of the anode voltage. This 
simplicity of control makes the “Thyrode’’ applicable to a wide 
range of control and switching uses. 
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22,000-volt generator rewound 
with NECCOBOND coils by National 


... The Specialists in electric coils/repair service 


After years of service, tape separation on the stator coils of this 
75,000-KW, 22,000-volt turbo generator made reliability uncer- 
tain. Thus Commonwealth Edison Company decided to replace 
the winding. 

The winding was redesigned to employ the NECCOBOND 
insulation system, which bonds all the coil insulation elements 
into a solid unit. The insulation now has the high mechanical 
strength to withstand cycling operation without tape separation. 

When you replace high voltage coils, investigate the advan- 
tages of NEccoBonp. It is based on time-proven insulating 
materials—mica and glass. These are welded by a special impreg- 
nant into a tenaciously bonded, resilient, voidless insulation 
wall. A unique method of fabrication assures homogeneous insu- 
lation. For more information call National’s Columbus plant... 
HUdson 8-1151. Or call the nearest National Field Engineer. 


eo 


New 27-foot coils being loaded for direct ship- 
ment to generator site where rewinding time was 
substantially reduced. 


National Electric Coil = pray 


vs 

\ NATIONAL DIVISION OF McGRAW-EDISON COMPANY ¢ COLUMBUS 16, OHIO y 
cous 

4 


\ 


Electrical Engineers « Manufacturers of Electrical Coils, Insulation, Lifting Magnets EDISON “& ‘ 


Redesigning and Repairing of Rotating Electrical Machines 


a 
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POLESTIGLAS panel shows no deterioration after 

500 hours exposure to 15 kv surface scintillating arcs 
in 100% saturated salt-fog test chamber. 

Same test heavily tracks ordinary insulations. 


FEDERAL PACIFIC 
ANNOUNCES... 


IMPROVED INSULATION 
FOR METAL-CLAD 
SWITCHGEAR 

RESISTS TRACKING... | 
GIVES NEW PROTECTION i ff 
IN HIGH HUMIDITY AND 
CONTAMINATED AIR! 


Integral casting of POLESTIGLAS 
(right) assures uniform bus insulation 
and eliminates hand-wrapped bends 
and offsets. insulation is bonded 

to the bus bar to give void-free con- 
struction resulting in tow corona loss. 


Po-les-ti-glas...a cast or molded glass reinforced polyester...Pro- 
vides superior insulation for metal-clad switchgear...Licks “prob- 
lem” installations too tough for conventional insulation...Proves 
best insulation for use in areas of high humidity and contaminated 
atmosphere. TEST RESULTS SHOW: M8 Superior resistance to 
tracking ™% Reduced moisture absorption @ Low, stable power 


factor in high humidity @ Greater flame retardance 

corona loss @ High dielectric and impact strength. POLESTIGLAS 
...another engineering achievement in Federal Pacific’s program 
to better serve utilities and industry. Write for Bulletin 6025, 
Federal Pacific Electric Company, General Offices: Department 374, 


Newark 1, New Jersey. *Trademark of Federal Pacific Electric Company 


FRE FEDERAL PACIFIC ELECTRIC COMPANY 


The Best in Electrical Distribution and Controt Equipment 
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SOUTHERN STATES OFFERS THE 
MARGIN OF SAFETY NEEDED IN 
AIR SWITCHES TODAY AND TOMORROW 


The switches shown here are brand new. They 
will pass any industry standard short circuit 
test with ease. 

But what about 10 years from now, when the 
switches are covered by grime and grit; when 
operation has caused some wear of the contact 
surlaces? 

What’s going to happen then, when heavy 
fault currents occur? Are the critical current 
interchange points going to stand up to the 
task of protecting your valuable load? 

These are questions that must be answered 
by engineers concerned with today’s complex 
transmission and distribution problems. Basic 
switch design, quality of construction, and the 


type of contacts used deserve critical appraisal. 


The contact is most important. 

Southern States provides extra security for 
its air switches by using Amplitact®contacts, 
Since this contact was introduced about LO years 
ago, not a single one has ever failed under short 
circuit. This is the margin of safety you need. 

Look beyond the catalog and technical data— 
look to the future capabilities and trustworthi- 
ness of the switch you buy. 

High density, high load areas demand maxi- 
mum protection against higher values of fault 
current. That is why so many utilities through- 
out the nation are using Southern States Air 
Switches with Amplitact Contacts. 

Get the facts from vour Southern States 


representative, or write direct for details, 


SHORT CIRCUIT TESTS OF SOUTHERN STATES SWITCHES EQUIPPED WITH AmporracT ® CONTACTS 





TEST SHOTS 


RMS AMPERES| RMS AMPERES 
MAXIMUM MINIMUM 


CONT. 
CURRENT 
RATING 





TEST RESULTS 





No Damage 
No Damage 
No Damage 
No Damage 
No Damage 
Pressure Marks* 


62,900 
79,000 
80,300 
84,500 
98,000 
106,800 


2000 70,500 


51,200 
60,000 
69,700 
74,600 
78,400 
89,800 











Pressure Marks* 


58,600 





70,000 
114,000 


8 53,700 
1 

6 82,000 
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No Damage 
Pressure Marks* 


Pressure Marks* 


1600 











65,300 











Jo 


161 | 1600 | Pressure Marks* 


99,500 


| 106,100 





*The term “Pressure Marks” should in no way be construed as an indica- 
tion of damage to the contact. Instead it points up the extremely high 
contact pressures which were developed by AMPLITACT® and were antici- 
pated in the design of this type contact. 























ABOVE Consolidated Edison’s Buchanan Substation 
is shown here during construction. Southern States’ 
161 KV—2000 amp Type RDC double side-break 
switches and 230 KV—1600 amp Type WAG switches 
(not shown) are the Amplitact equipped air switches 


used on this station, 





AT RIGHT Houston Lighting & Power Company uses 
161 KV—1200 amp Type WAG air switches on % 


m -d 


rane -d 
SOUTHERN STATES 


‘ 


this modern substation. 





EQUIPMENT CORP. 
® HAMPTON, GEORGIA 


IN CANADA Dominion Cutout Co., Ltd., Toronto ' 
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WHY BUY 
VENTILATED BUS buct a] 


WHEN — Ore 


Square D TOTALLY ENCLOSED Duct" 


is SAFER—and costs no more se 


e Ventilated bus duct may be as vulnerable as it L J { 48 
looks. In fact, Paragraph 3644 of the National 


Electrical Code prohibits its use in certain areas Here's Why Square D's 


by specifying: EXCLUSIVE Design 
“Busways may extend vertically through 
dry floors if totally enclosed (unventilated) 
where passing through and for a minimum — _ ees 
distance of six feet above the floor to pro- eric -cDesset lad 
vide adequate protection from mechanical 
injury.”’ 
All Square D low-impedance duct is totally en- 
closed! It has no ventilation holes open to falling 
objects or dust. It’s smaller than ordinary venti- The entire space within the duct and be- 
lated bus duct. It mounts in any position without tween the bus bars is filled with a solid 
de-rating. Doesn't it make sense, when buying insulating material which conducts the 
l ‘ duct, t . od that’ heat to the surface. There are no dead air 
ow-impedance duct, to specify a pr : uct that's spaces inside the duct. Square D totally 
safer? Square D totally enclosed low-impedance enclosed low-impedance duct is listed 


duct costs no more—why settle for less! with Underwriters’ Laboratories and 
meets U/L requirements for temperature 
rise in any mounting position. 


SQUARE J) COMPANY 











makes ventilation unnecessary 























wherever electricity is distributed and controlled 
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NOMINAL WEIGHTS OF FINISHED WEATHER-RESISTANT WIRE AND CABLE 
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Conductor Size 
AWG or Mcm 


URC Type 
Double Triple 
Braid Braid 


Ni dacdalelste| 


This table shows 


in Tole] elactals 


Taleiaam Ofelalel lle dela 


iy Cokes olactal: 


Type 


POLYETHYLENE covered line wire weighs less 


Because it’s the lightest, polyethylene-covered 
line wire is the easiest for linemen to string 
up... hardest for ice and snow loading, gale- 
force winds to bring down. 


Polyethylene-covered line wire, depending on size and con- 
ductor, weighs from 5% to 32% less than other types. That’s 
what the figures in the specifications tabulated above show. 

This, of course, is no news to linemen who have strung 
all types of weatherproof line wire. They may not be able 
to quote pounds and percentages, but they all know you 
can’t beat polyethylene on weight. 


Linemen’s Favorite Material 


Light weight means easy handling, one of the main reasons 
polyethylene rates tops with installation crews. They also 
like polyethylene wire because it’s clean... free-stripping... 
has a smooth, self-lubricating surface that almost makes 
pulling a pleasure. And despite the exterior slip, the plastic 
covering hugs the conductor tightly, doesn’t ruffle as it goes 
over crossarms. 


“Built-in” Safety Factor 


Polyethylene’s lightness provides lasting mechanical advan- 
tages, since span loads don’t tax supports as much as heavier 
type wire. This “built-in” weight safety factor pays off when 
violent storms push aerial construction to strain limits... 
when ice and snow loads topple heavier lines. 

An added factor in polyethylene wire’s ability to stay up 
under adverse conditions is its smaller diameter. It offers 
less resistance to wind, a smaller surface for ice build-up. 
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Winning Combination 


Called the “closest to the ideal covering for line wire,”’ poly- 
ethylene is outstanding in other respects too. The shield it 
forms over wire is continuous...tough... resistant to aging, 
weathering, moisture, abrasion by lashing branches. It’s good 
for decades of superior service marked by fewer outages, 
minimum maintenance. 

When you order covered wire and cable, make sure the 
coating is made with PETROTHENE® polyethylene resins. 
PETROTHENE polyethylene costs no more, but it gives you 
premium weather and stress-crack resistance, 

Polyethylene’s advantages are outlined in an informative 
new U.S.I. data sheet, “Polyethylene... The Best Line Wire 
Covering.” Also available is a data sheet showing properties, 
applications and specifications of PETROTHENE polyethylene 
compounds. Send for your copies today. 


U. S. Industrial Chemical 





Co. 
Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Please send me: 
C) “Polyethylene...The Best Line Wire Covering” 
(J) “PETROTHENE Resins for the Wire and Cable industry” 


Name: Title: 





Company: 





Address: 








USTRIAL CHEMICALS CO. 
Division of National Distillers and Chemical Corp. 
99 Park Ave., New York, 16, N. Y. 
Branches in principal cities 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





» 
QO 
Ww 
S 
w 
> 
wi 
<q 
4 
W 
nj 
ao 


, or a 





40 48 


INCHES 





SHAKE-DOWN TEST FOR A ROCKET! 


Intricate vibration studies that determine proper 
engine mounting points help Oldsmobile engineers 
desigun smooth, balanced Rocket Engine power. 


To tame the explosive fury of the modern high compression 
engine, Oldsmobile engineers have developed highly special- 
ized techniques in the field of vibration studies. The results 
of these studies produce Rocket Engine power that is 
balanced, controlled and exceptionally quiet under nearly 
every operating condition. Vibrations caused by the multitude 
of explosions in the cylinders—600 per minute at 30 mph— 


are almost imperceptable in the passenger compartment. 


To thoroughly study an engine’s “‘bending” characteristics, 
in both horizontal and vertical planes, the engine is sus- 
pended from a low spring rate nylon rope that isolates 


external interference. A shaker is used to excite the entire 


power plant and drive line to find the resonant vibration 
frequencies, generally in the 25 to 55 mph speed range. Then 
intensive analysis of the engine begins. At four inch intervals, 
a transducer in contact with the engine translates movement 
into a reading on an oscilliscope. From this information, a 
displacement curve is plotted showing exactly the ideal locat- 


ing points for the engine mountings—the “nodal points”’. 


In addition, each engine accessory—generator, air cleaner, 


power steering pump, etc.—is studied so that no undesir- 


able resonant vibrations will occur. 


The quiet power, brilliant performance and solid quality of 
the 1960 Oldsmobile is a tribute to modern technology and 
craftsmanship. There’s never been another car like it! Visit 
your Quality Dealer soon and Quiet-Test Olds for ’60. 


OLDSMOBILE DIVISION @®© GENERAL MOTORS CORPORATION 


OLDSMOBILE > 


Please mention ELECTRICAL ENGINEERING 


Where Proven Quality is Standard! 
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High Vacuum 








HIGH VACUUM MEANS GREATER QUALITY 


VACUUM RANGE 
ALLIS-CHALMERS 
CAPACITORS 


VACUUM RANGE ¢ OTHER CAPACITORS 





Low Vacuum 


~ Extra years of capacitor life 


through “extra-low’ drying and degasification 


Why take the trouble to extract air 
and moisture with high vacuums? 
This is to guarantee that you get 
the greatest return from your Allis- 
Chalmers capacitor dollar! 

Better vacuum processing — a 
carefully controlled combination of 
heat and extremely high vacuum — 
means better penetration of the 
Chlorextol insulating liquid into the 
packs. Insulating paper losses and 
heating are reduced, electrical 
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strength is gained. Thorough degas- 
sing increases voltage level at which 
corona starts. It all adds up to a big, 
built-in margin of safety for severe 
overvoltages and high ambient 
temperature ... for extra years of 
capacitor life. 

For more capacitor facts, call, 
wire or write Allis-Chalmers, Power 
Equipment Division, Milwaukee 1, 
Wisconsin. A-1220 


Chlorextol is an Allis-Chalmers trademark. 





Complete capacit quip t is available for 
immediate shipment—25 and 50-kvar units— 
2400 through 7960 volts. Includes racks, voit- 
age and current controls, other accessories. 
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I-T-E OIL CIRCUIT BREAKERS 
NOW OFFERED NATIONWIDE 
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Division Test Laboratory. For testing power circuit breakers 
at the Los Angeles oil circuit breaker plant. Shown are 1.5 mega- 
volt surge generator, 666 kv transformer supply, and sphere 
gap stand. 





Typical I-T-E oil circuit breaker on 115 kv transmission cir- 
cuit. Capacity is 1200 amp continuous, 3500 mva interrupting. 


This new addition to I-T-E’s line of products for electric 
utility companies is backed by over 50 years of oil circuit 
breaker experience. Thousands of breakers have been pur- 
chased and installed by West Coast utility companies during 
this period. Now they are being offered nationwide through 
I-T-E’s coast-to-coast sales organization. 


I-T-E oil circuit breakers are the product of one of the 
newest I-T-E divisions, the Kelman Power Circuit Breaker 
Division. Formerly the Kelman Electric and Manufacturing 
Co., it joined the I-T-E family just a few years ago. Oil 
circuit breakers now become full-fledged partners of the 
other products which I-T-E offers to utility companies: 
metal-clad switchgear, isolated phase bus, outdoor high volt- 
age disconnect switches, and outdoor substations. 


I-T-E is ready to serve your needs anywhere. Improved and 
expanded facilities for producing and testing oil circuit 
breakers insure prompt delivery and highest quality. Ratings 
range from 14.4 kv to 230 kv and from 100 mva to 15,000 
mva. Get complete information from your local I-T-E repre- 
sentative. Or write I-T-E Circuit Breaker Company, Kelman 
Power Circuit Breaker Division, 1667 North Main Street, 
Los Angeles 12, Calif. 
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ARMCO STEELS 


Fifth Edition of “Armco Oriented Electrical Steels” 


Contains design curves for Armco’s new Oriented M-5, Franklin Test surface 
resistivity data, plus design information on all Armco oriented grades. 


The fifth edition of Armco Steel Corpo- 
ration’s well-known design manual on 
oriented electrical steels is just off the 
press. Besides up-to-date basic infor- 
mation that designers have found so 
useful, the new manual includes com- 
plete data on Armco's new Oriented 
M-5 Electrical Steel. 

Armco M-5 has a maximum core loss 
of only .58 watts per pound at 60 cycles 
and 15 kilogausses and has materially 
higher permeability at high inductions 
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for electrical and electronic equipment 
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NOW AVAILABLE 


than any oriented silicon steel previously 
available. Its pertinent properties are 
detailed in a series of design curves that 
enable you to evaluate precisely its po- 
tential in your products. 

Get your copy of this new manual on 
Armco Oriented Electrical Steels. See 
how you can use these special electrical 
steels to reduce size and step up effi- 
ciency of distribution and high perform- 
ance transformers. Just write us or mail 


the coupon. 


New steels are 
Dorn: at 


Armco 


Armco Steel Corporation 

1100 Curtis Street, Middletown, Ohio 
Send me a copy of the Fifth Edition of Armco 
Oriented Electrical Steels. 
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THE ABOMINABLE WHITE ELEPHANT 


ELECTRIC CO. n.-= 





ON YOUR ELECTRIC BILL 


IF YOUR ELECTRICAL SYSTEM is burdened with a 
low power factor, you're paying for electricity you can’t 
use... you're giving up electrical capacity you may need. 


The motors and other inductive devices in vour plant 
use both kilowatts (working current) and kilovars 
(magnetizing current) in order to run. The kilowatts 
you buy. The kilovars you can best supply yourself. 
The more you supply, the higher your power factor, and 
the less you pay the electric company. 


Sprague Unipak* Power Factor Correction Capac- 
itors are the most economical and efficient means of 
supplying your own kilovars. You put them right 
where they’re needed . . . at the motors. Your electric 
company does not have to send as many kilovars all 
the way from the power plant, so they charge you less. 
Your wiring does not have to carry the extra kilovars 
to the load, so it can handle additional loads. 


Actual power bill savings experienced in many 
plants have more than paid for the Power Factor Ca- 
pacitors in less than a year’s time . . . in some Cases, in 
less than six months. And as an added dividend, these 
capacitors have also increased the power handling 
capacity of many plant distribution systems by an 
average of 20 %. 


WORLD’S LARGEST 


You, too, can reduce costs...increase your plant’s 
electrical capacity ... by installing Sprague Unipak 
Power Factor Correction Capacitors. 


If you'd like free assistance in making a survey of 
your electrical installation to see how you can 
save money with Sprague Unipak* Power Factor Ca- 
pacitors, write Industrial Capacitor Division, Sprague 
Electric Co., 321 Marshall St., North Adams, Mass. 


*Trademark 


the mark of reliability 


CAPACITOR MANUFACTURER 
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Education for Expanding Horizons 


in Electric Power 


G. S. BROWN 
FELLOW AIEE 


Because of the rapidly changing nature of tech- 

nology, today’s approach to engineering educa- 

tion is more toward fundamental principles and 

less toward contemporary practice. In order to 

communicate fluently with tomorrow's graduate, 

industry must keep abreast of these changes in 
engineering curricula. 


S | LOOK BACK upon the undergraduate educa 
tion of those who were of my generation in col 
lege, | that the 
engineering education was that what a young man 


can see evidence doctrine of 
learned in an engineering curriculum would serve him 
throughout most of his professional lifetime. Many pro- 
fessors of about that time had a relatively firm idea ol 
what their students needed to know by way of art and 
practical know-how in order to have careers in the pro- 
fessional world they were about to enter. This looked 
appropriate for, after all, these professors had, in no 
small degree, conceived most of the world of electrical 
technology of about that era. It looked very sophisti 
cated and enduring. They accepted the principle that 
it was proper for a curriculum to be largely based on 
contemporary practice, because they assumed that the 
engineering profession would merely build the mecha 
nisms of society, often to a conventional pattern, and 
keep them running. This doctrine stemmed from the 
assumption that technology would not change appre- 
ciably during an engineer’s professional career. 

But today the problem for the engineering-degree- 
granting college is different. The more 
decades have witnessed great productivity in science 
with the uncovering of tremendous amounts of wholly 
new knowledge about the physical world. We see every- 


last two or 


where around us a turbulent technological scene. En- 
gineering proliferates with accelerating tempo into 
many fields, each with a broad range of work function, 
each undergoing rapid technological change. The chang- 
ing face of technology presents educators with an ever- 
widening spectrum of problems. With each successive 
commencement exercise, it becomes increasingly difficult 
and increasingly unwise to equip graduates with spe- 
cialized know-how skills related to contemporary engi- 
neering practice. Not only will tomorrow’s engineer 
need to know more than his counterpart of a few dec- 
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ades ago, but he needs to be prepared to learn more 
during his professional lifetime than was anticipated a 
few decades ago. And what he must learn will often be 
quite different from what he was taught in college. 

Within the young and rapidly changing field of elec- 
trical engineering, we encounter a wide variety of work 
functions. The majority of the graduates work for in- 
dustry and not for a client. Matters of public safety, of 
equipment cost, and so forth, are important, but the 
yardstick by which their importance is measured is a 
function of who is the customer. Where the custome! 
is a branch of the military, and he very often is, the 
vardstick for performance and cost of devices and sys- 
tems is often calibrated in terms of national survival 
rather than by a 6% return on investment. Change is 
often encouraged for change’s sake. Modern science 
exerts a dominant role in all engineering, and especially 
in defense engineering. Much engineering is done prior 
to a demonstration of practical feasibility. 

The contrast in criteria that set engineering values in 
the design of (a) a multimegawatt generating station 
for a public utility and (b) a multikilowatt generating 
plant for a large vehicle to operate in outer space, puts 
the picture into focus. The former system may be typt- 
fied as stationary—coal-, oil-, or gas-burning—for a uni- 
form environment, requiring 100% reliability, low cap- 
ital cost, and low maintenance. Each new plant must 
be superior to its predecessor because of a number of 
circumstances, but it comes into existence largely 
through an orderly integration and some extension of 
the known art of the day. The latter system, however, 
in all probability must have negligible weight and size, 
use electromagnetic radiation as its source of energy, 
withstand large accelerations, and operate for limited 
time in environments never encountered by man. Fur- 
thermore, its design must be compatible with the 
changing needs of many interlocking requirements set 
by specialists in navigation, guidance, aerodynamics, 
and so forth. The engineers who are to create this sys- 
tem encounter many problems for which there is little 
prior art to supply many of the answers. They must lean 
heavily on fundamentals of science and on their ability 
to apply them 

We are now witnessing the gradual substitution of 
fission fuel for fossil fuel, with its attendant highly 
technical problem of protection of personnel and equip- 
ment against radiation. The future shows promise of 
wholly new techniques for converting heat into electric 
energy. Thermoelectric power conversion by thermo- 
piles using advanced semiconductor technology, or ther- 
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mionic generators on a grandiose scale, or fuel cells as 


chemical—electric converters, or thermofusion energy, 
ire live topics on today’s engineering campuses. Digital 
computers of amazing capability are taking over jobs 
that engineers once performed by hand. They and many 
other technological developments are having a vast im 
pact on the jobs that engineers perform, on the work 


function of vast categories of professional men. 


THE ACADEMIC SCENE 


ENVIRONMENTS in engineering differ 
the 


[DHE ACADEMK 


markedly throughout land and markedly even 


within the broad field of engineering. Some institutions 
are oriented toward research, others toward applied en 
to cite merely a few. The 
different 


gineering Or manulacturing, 
big diflerences in the work function among 
fields of engineering, and even within fields, exert con 
siderable influence on educational policy. 

\s engineering as a vocation and as a profession has 
evolved, we have devised a system of 2- to 3-year techni- 
cal institutes, 4- to 5-year baccalaureate-degree-granting 
engineering colleges, a system for on-the-job education 
of graduate engineers in industry, and an expanding 
program of graduate education in engineering colleges. 
The sloctor’s degree is becoming a prerequisite for lead 
ership in many engineering areas. 

Since it appears certain that we will adhere to the 4 
year program of undergraduate education in engineer 
ing in most colleges and universities for quite a while, 
engineering curricula are allocating less time to a treat 
ment of contemporary engineering practice and more 
time to broad basic science and to the engineering of 
science.'* As professors concern themselves with this 
limited task while continuing to point their interests 
toward engineering, they find the available time for 
undergraduate education much too short for the job 
that industry and society expect of them. On all sides 
we are witnessing a reassessment of the content of cur- 
ricula and the methodology tor giving an enduring, put 
posetul education to our future engineers. 

Che problem before engineering educators is that of 
being sensitive to the expanding body of scientific 
knowledge and to the wide spectrum of work function 
in industry, Educators must continually update the sci 
entific or technical content of their program of instruc: 
tion. Likewise, industrial leaders must keep abreast of 
the changes that occur in college environments as yeat 
by year the professors’ interests change with the unfold 
ing of new knowledge, and as curricula, in updating, 
become more broadly based in the sciences. ‘The updat 
ing no longer can be achieved merely by adding new 
material to an existing curriculum. The problem is not 
what to add but what to drop in order to make room 
for change. Olten the procedure is misunderstood, as 
evidenced by the comment of a British educator who 
visited my office a few months ago. He was about to re- 
turn home, and the observation that bothered him most 
was that the teaching of electric power engineering had 
about disappeared from the American campus. Every- 
thing is electronics, he said. What he had not observed 
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was that everything electrical is a manifestation of 
charge carriers, that a broadly based program called 
electronics can embrace power or, more properly, elec- 


tric energy processing; and that electric power itself is 


emerging in new, more modern forms. 

It appears to me, therefore, that the solution at the 
undergraduate level is continually to bring about fresh 
course syntheses that have wider applicability within the 
criterion of “knowledge that will be negotiable at par 
in many allied fields for a reasonably long time.” Spe- 
cialization is being moved to the graduate level. How- 
ever, ‘he guideposts for doing this are varied and often 
appear contradictory, 


GUIDEPOSTS TO AN ENGINEERING CURRICULUM 

Ir is WIDELY ACCEPTED that engineering is the exploi- 
tation of science for the betterment of man. In other 
words, doing engineering is applying science or prac- 
ticing the quantitative organization of natural phenom- 
ena, But in its creative aspects it comprises the ability 
to relate seemingly unrelated events of nature in quan- 
titative ways in devising useful configurations of matter, 
elements, devices, or systems. It must also quantitatively 
classify the recorded observations of science in ways that 
will provide a prediction of quality and quantity of the 
outcome of designs not yet concluded,‘ in order that the 
extent of our achievements shall be encouraged to grow 
from seeds of suggestions and that the possibility of 
new applications shall be enhanced and the validity of 
theories extended to include a continually widening 
scope. In summary, one can say that doing engineering 
is practicing the art of the organized forcing of techno- 
logical change. 

It should be recognized that not all persons who 
should undertake a career in engineering are endowed 
with identical talents. Because of the wide diversity 
among people and the wide diversity of activity within 
engineering and the limited scope of most engineers’ 
activities, it is helpful to classify broadly the work func- 
tions of engineers. In actuality, there are about as many 
work functions as there are people, but to point up 
some meaningful aspects of activity in relation to edu- 
cation, I shall take the liberty of classifying the doing 
of engineering under three categories, knowing perfectly 
well that the specific kinds of competence we seek are a 
blend of what an engineer has as natural gifts, what he 
learns in college, what he learns on the job, or just by 
living longer and observing the world around him. 
Subject, then, to this oversimplification, I submit that 
we can identify work 


broadly three categories of 


function, 


Category A—A person who has the talent for detecting 
deficiencies in the capabilities of existing engineering 
devices or systems, and who can conceive from abstrac- 
tions or from the whole body of science, wholly new 
superior devices and systems. This man can relate quite 
abstract and seemingly unrelated concepts in useful 
ways. He is a composer rather than an arranger. His 
work is predominantly intellectual and varied. These 
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are the engineers who, for example, having perceived 
the need for increased capability in computation, can 
conceive and point the way to the giant digital ma- 
chines long before the first one is built; or who, from 
an assessment of the dwindling fossil fuel supply, per- 
ceive the possibility of, and point the way to, nuclear 
power or the direct conversion of cheap heat into usable 
electricity by thermoelectric generators, or who can 
synthesize from abstract science the techniques by which 
man may tame the energy of thermofusion. The power 
industry needs these men within its fold. 


Category B—A person who can devise and build sys- 
tems of engineering works by an orderly, creative, in- 
genious arrangement of the known knowledge of the 
day. This man is more the creative arranger or inventor 
than the composer. He works at a less abstract level 
than does category A; he is sensitive in a quantitative 
way to engineering feasibility, and to economics. He 
needs a high degree of competence in the areas of math- 
ematics, physics, and related sciences, for he must under- 
stand both how and why machines work, and perform 
complicated analyses. He designs and builds compli- 
cated engineering works. In a great many instances, he 
is doing something new. Within his area of work, he 
may perform at the same level of creative achievement, 
but of a different character, than does the engineer in 
category A. Without this person, the contributions of 
the engineer of category A would be slow in coming 
into physical actuality. 


Category C—A person who is expert in assembling, op- 
erating, and maintaining complicated machines and 
engineering works from drawings, descriptions, and 
from experience. These persons are not second-rate 
citizens. In tomorrow’s era of technology they will be 
needed in great numbers. They find it difficult to move 
ahead with the stream when they have less than 2 years 
of study beyond high school. The environment in which 


they learn, however, can appropriately be pointed at 


teaching them the “how” in addition to the “why” of 


contemporary engineering practice, devices, and systems. 


For the engineers of either category A or B, the bach- 
elor’s degree should be only a beginning. ‘Throughout 
the professional lifetime of these men, they shall wit 
ness great change and shal] be required to learn a great 
deal of technology that was not even visualized during 
their college career. They are the engineers whose ca- 
reers are influenced by the fact that never has a machine 
been devised by man which within a few years has not 
been called upon to perform at a level of capability 
greater than its creators built into it. Throughout the 
whole undergraduate program of these men, emphasis 
should be to provide a sound training in basic science 
and in applying the scientific method to the solution of 
tomorrow's problems and not yesterday's, and to devel- 
oping those qualities of character and mind typical of 
a great industrial leader. The curriculum should be 
pointed toward graduate work; for many it should point 
doctorate. The environment should be 


toward the 
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charged with creativity. The knowledge acquired should 
be intellectually open-ended so that it will be negotiable 
at par in many fields for a long time to come. On the 
other hand, I believe that it is appropriate to offer for 
the engineer in category C a bachelor’s degree program 
in a technical school and to regard it as terminal. His 
continued education will occur largely on the job. 

The relative need for persons in these categories of 
work function varies in different fields and in different 
societies. In many societies the person in category C is 
the most valuable and in most demand. But regardless 
of where a person gets his education, I believe that he 
should be given the opportunity to develop to the high- 
est intellectual level that his talents will allow. Untor- 
tunately, our educational system does not find it easy 
to do this. 


SOME SPECIFICS OF ENGINEERING CURRICULA 


SPEAKING SPECIFICALLY with respect to technical com- 
petence, and perhaps paradoxically, specialized profes- 
sional competence in the newest fields is secure only 
when it is built on top of a sound fundamental training 
in the oldest of our disciplines, namely physics, math- 
ematics, and chemistry. I say “the newest fields’” because 
| emphasize again that within the 40-year professional 
lifetime that is ahead of today’s college student, there 
will be many changes. Many new fields will emerge and 
demand their services.® 

Hence, it is not surprising that in planning engineer- 
ing curricula, increased emphasis is being given to these 
old disciplines, and to building on them new syntheses 
of a body of knowledge called engineering science. 
These engineering sciences couple the classical scientific 
subjects with new engineering frontiers. Our new role 
is to illustrate the engineering of science. Indeed, it is 
this frontier coupling, or interaction in engineering, 
that we must make clear to students who want to be- 
come engineers and not scientists. The teaching of 
mechanics and dynamics in the broad sense; of thermo- 
dynamics and statistical mechanics, mass momentum 
and heat transfer, electrical science of a kind that treats 
electric and magnetic field and circuit phenomena at an 
advanced level as related to energy and information 
processing; and of microscopic properties of matter in 
relation to materials in engineering, should be made 
relevant to tomorrow's engineering. No two colleges, 
nor for that matter any two departments of the same 
school, are approaching the future in the identical way. 
This seems proper in view of the wide differences 
among engineering fields and among academic environ- 
ments. But the trend toward engineering science* in 
lieu of specialization, for an undergraduate degree, has 
been with us long enough to indicate that we may be 
beyond the point of no return. 

As the increased relative importance of engineering 
science has stimulated college faculties to remake their 
course structures, there has been widespread search- 
ing for guideposts. Initially, the reassessment is limited 
to studies within departments; however, pressures to do 
this on interdepartmental and interdisciplinary bases 


Brown—Expanding Horizons in Electric Power 121 





are increasing. There are many educators who question 
the wisdom of preserving an undergraduate program 
that is organized along conventional lines of electrical, 
mechanical, chemical, aeronautical, metallurgical engi- 
neering, and so forth. The careers of many engineers 
prove to be no respecters of such categorizations.® The 
existence of large digital computers as commonplace 
engineering tools has had a major influence on what 
engineers now do.® The boundaries between our estab 
lished departments on academic campuses are becom 
ing more permeable, but professional society structures, 
ECPD 
ment) accreditation practices,’ licensing practices for 


(Engineers’ Council for Professional Develop- 


engineers, and so forth, are so well entrenched and 


such important parts of our heritage, that change is 
going to be evolutionary rather than revolutionary. 
The criterion that “the knowledge should be nego- 
tiable at par in a wide range of allied fields for a sig- 
nificant period of time” should be a dominant factor 
in establishing guideposts. For an electrical engineer, 
another guidepost is that everything characterized 
as electrical is a manifestation of the phenomena olf 
charge carriers, their associated fields, and how they 
interact with materials. To inject purpose into a pro- 
gram of study, it is helpful to say that electrical engi 
neers exploit this nucleus or model of natural phe- 
nomena to perform useful functions in everyday living, 
either to process energy for energy’s sake, or to process 
that The 


processing of energy relates to man’s desire to substitute 


information so humans can communicate. 
machine for human muscle by providing the giant 
motors, machines, and power systems that control the 
wheels of industry and also give us light and heat. The 
processing of information embraces techniques for estab 
lishing communications between man and man, _be- 
tween man and machine, and between machine and 
machine, Radar, radio, wire telephony, measurement, 
electronics, computation, and control are the fields 
where information processing is applied. First-rate com- 
petence in engineering‘ practice is made more secure 
when an engineer is quite knowledgeable in both broad 
areas. The aforementioned concept of electrical tech- 
nology is being implemented by curricula and teaching 
programs in the American colleges in several forms. Be- 
hind the names of courses, one can observe emphasis 
on such open-ended topics and concepts as electric cir- 
cuit theory; electronic devices and circuits; information- 
handling systems; electromagnetic theory; electric en- 
ergy conversion, transmission, and radiation; and mod- 
ern physics and materials. 

In many colleges, the sophomore and junior year 
work is substantially science and electrical science. In 
the final year, students take various electives that cou- 
ple the earlier study with areas of application. Here, 
hopefully, they come to grips with some of the new en- 
gineering frontiers. 

Speaking strictly about my own institution, we have 
abandoned an option structure that was attempting to 
provide specialization by field such as power, communi- 


cations, computation, radar, and so on; and we are veer- 
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ing toward an option structure that is showing signs of 
compatibility with the categories of work function given 
here as A and B, for they exist throughout all fields. We 
have had our co-operative course in electrical engineer- 
ing, course VI-A, as one option for about 25 years. Re- 
cently we initiated an electrical science and engineering 
option, course VI-B. The latter option is intended to 
provide the maximum opportunity for early develop- 


ment of the person whose eventual academic level is the 


doctorate and whose eventual work function would fit 
category A. Our program in courses VI and VI-A fit stu- 
dents who may be oriented toward either category A 
or category B. 

In the evolution of this program, new areas of in- 
struction have come into being. New laboratory facili- 
ties have been evolved. A graduate of the department a 
decade or so ago will recognize in today’s program little 
of what he studied, but we hope he will feel that he 
now sees what he wishes he had studied. This is espe- 
cially true of the graduate who has made his career in 
the electric power field. Alumni and educators from in- 
dustry who know of the program in detail have given 
it a vote of confidence. 


THE COUPLING OF INDUSTRY AND EDUCATION 


As TECHNOLOGY HAS ADVANCED during the last decade, 
the newer fields have often appeared more glamorous 
than the older ones. For perfectly valid reasons, the 
research interests of engineering professors are in the 
newer fields. In fact, many of these fields were spawned 
by these research interests. As a consequence, the com- 
munications links between the older and_ well-estab- 
lished fields and the new challenging activities on col- 
lege campuses often become strained. In many instances, 
they have become disconnected. 

This situation is not good. The field of power genera- 
tion in the public utility area, while long established, 
continues to enlarge. It needs to recruit able young men 
to take care of growth, to stimulate its technological 
advance, and to replace the engineers who, after long 
years of productive service, have reached retirement. It 
needs its proportionate share of first-rate minds in both 
category A and category B. 

My evaluation of the situation is that ways must be 
found to restore this communication link. I venture the 
opinion that restoration will be done best by activating 
open-ended on-campus research in energy processing 
and related areas, rather than merely in electric power, 
in ways that capture the interest of both engineers in 
industry and engineering college professors. 

I do not think it advisable to establish research on 
engineering campuses around topics that relate to con- 
temporary industrial practice. Faculty research is of 
questionable academic caliber unless it is basic, open- 
ended, and has a lead time with respect to its effect on 
industry of several years. I believe that some new hort- 
zons need to be explored and I think we are about to 
enter the period when we can initiate them. 

For example, throughout all industry a major deter- 
rent to advancement is the limited capability of exist- 
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ing materials. Basic research in the area of molecular 
engineering to achieve new materials and improvements 
in existing materials would be most fruitful. 

Within the broad field of the direct conversion of 
heat into electric energy, there are many problems 
whose solution would yield useful engineering develop- 
ments within 5 to 10 years. Specifically, the exploitation 
of solid-state technology, plasma dynamics, and mag- 
netohydrodynamics to provide new machines to furnish 


electric power are good examples. The research activity 


in these areas should be flexible and imaginative, for it 
is not possible for any person living today to visualize 
what technology of 10 years hence has to offer. It is cleat 
from the record that the future will be different, that 
it will surprise us, and that the public utility industry 
will need what it brings. 

Che advent of the large digital computer® opens up a 
wide vista for gainful research in the power area. Auto- 
matic monitoring of load generation and distribution 
presents a challenge. Contemporary digital computers 
possess a capability that so vastly exceeds the capability 
of network analyzers of merely a decade ago that the 
methods for representing complete electric generating 
systems on computers for stability and power-flow prob- 
lems merit reassessment. It is no longer necessary to use 
over-simplified mathematical models of boilers, tur- 
bines, speed governors, generators, and voltage regu- 
lators. 

As technologies tor the direct conversion of heat into 
d-c energy reach the engineering phase, there will be 
need for the invention and engineering of new ma- 
chines to utilize energy in the form of kiloamperes at a 
few volts, in contrast with a few amperes at high volt- 
age as we use it today. There is need to devise ingenious 
ways to convert big blocks of energy from direct current 
to alternating current, perhaps by devising ingenious 
ways to exploit modern silicon diodes and modern 
switching transistors. We now need better and cheaper 
ways to convert from alternating to direct energy. 

The long-term values of on-campus research in which 
a student participates need wider recognition. This does 
not imply that a student is being trained only for a job 
in research and development. Rather, it is to enhance 
the probability of developing his talents of creativity 
and versatility or originality. Even if he does head for 
research and development, he may be making a wise 
choice, for, increasingly, management leaders are being 
selected from personnel within this category of work 
function. 

The electric utility industry has yet to find a way to 
allocate funds to college professors for research of a pro- 
fessor’s own choosing that is compatible with an aca- 
demic career. The older procedure of contracting with 
colleges for programmatic work that is more engineer- 
ing than research, and monitoring it from the central 
office, does not meet with the enthusiasm necessary. 


CONCLUSION 


THE PERSISTENT SUBSTITUTION of machine for human 
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muscle forecasts continuing programs to construct elec- 
tri. generating and distribution plants to keep ahead of 
With demand for 
increased size of plant with increased performance. In- 


demand. increased load comes a 
creased numbers of engineers are required to build big- 
ger and better plants on a shortened time scale and to 
incorporate new technological developments. Concur- 
rent with these trends is an exfoliation of engineering 
into many new highly technical challenging fields that 
compete for engineers. 

These situations tax the technical and administrative 
skills of the practicing engineer and of the professor 
who is to educate tomorrow's engineer. Since engineer- 
ing colleges are restricted, in the main, to the 4-yea1 
undergraduate program, they are adjusting to the chal- 
lenge by presenting students a more integrated body of 
fundamental knowledge, at the sacrifice of the special- 
ized knowledge characteristic of the past. Many gradu- 
ates of a modern 4-year curriculum are capable of a ca- 
reer in any one of several industries. When an employer 
first talks with a recent 4-year graduate, he is less likely 
to find a specialist ready for his industry than did his 
predecessor a decade or so ago. This is especially true of 
employers in the electric power industry, 

Industry needs to keep abreast of the changing tech- 
nical content of modern engineering curricula, and of 
the changing educational environment in order to com- 
municate fluently with tomorrow’s graduate. It needs to 
appreciate the vital role of on-campus research and 
graduate study in keeping our educational institutions 
places of learning, rather than merely places for teach- 
ing. 
minds into all segments of industry on a balanced basis 


The importance of recruiting top-flight young 


needs attention. The importance of aiding practicing 
engineers to obtain refresher instruction in an organized 
manner every 5 years or so is increasing. The key to the 
much-needed communications between the leaders in 
the electric power industry and the professors on engi- 
neering college campuses is to initiate more open-ended 
programs of on-campus research under direct industry 
sponsorship. 
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Life Characteristics of 


H. M. BRANER 


} pw DEVELOPMENT of carbon-film resistors since 
World War II has provided the electronics industry 
with a reasonably priced semiprecision resistor. Consid- 
erable effort has been devoted to determining the qual 
ity of these resistors, and minimum standards, such as 
those in Specification MIL-R-10509, have been estab 
lished. 

Under the sponsorship of the U. S. Signal Corps Re- 
search and Development Laboratory, Battelle Memorial 
Institute embarked upon a program designed to investi- 
gate the stability of carbon-film resistors when operated 
at rated load in an ambient temperature of 70 C for 
12,000 hours. The carbon-film resistor types investigated 
were 14-watt 237,000-ohm (critical value) resistors and 
l4-watt 100,000-ohm borocarbon resistors, with a nom 
inal tolerance of 1°). Four brands for resistors were 
included, of which three were deposited-carbon-film 
type and the fourth a borocarbon-film type. The case 
The 


evaluation of these resistors was based on sample sizes 


types represented were molded and ceramic tube 


of 250 or 500 for each brand. 

The data-recording and measuring equipment used 
in the study was completely automatic. Battelle designed 
and built an automatic scanning device which selects 
the components in the temperature chambers in a 
specified order and connects each to a Barnes deviation 
bridge. The percentage of resistance deviation from a 
standard as measured by the bridge, resistor identifica- 
tion, and fixed identification are automatically punched 
on cards at a rate of 1,400 readings per hour. 

The data are presented in two types of graphs. The 
first of these, Fig. 1, shows the percentage of the sample 
over time which exceeded some arbitrary failure cri- 
terion; 2°) in this case. The second type of presentation 
is in the form of cumulative probability distributions 
of resistance deviations from initial at some specified 
time. Fig. 2 is this type of chart, showing resistance de- 
viations from initial values at approximately 12,000 
hours for each of the four varieties of resistors investi- 
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Fig. 1. Load-life characteristics of deposited-film resistors. 
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Carbon-Film Resistors 


J. L. EASTERDAY 
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Fig. 2. Cumulative probability distribution for deposited-film resistors 
after 12,000 hours of load life. 


gated. The upper 95% confidence limit on the observed 
per cent of resistors exceeding the deviation shown is 
presented at the right-hand ordinate. 

Using a 2%, resistance deviation from initial as an 
arbitrary failure criterion, it was found that the carbon- 
film resistors of manufacturers A, B, and C have average 
failure rates ranging from about 0.13 to 2.3% per 1,000 
hours. In addition, some types of carbon-film resistors 
exhibited a number of catastrophic failures and case 
defects, similar to crazing, on the outer surface. 

The borocarbon-film resistors of manufacturer D ex- 
perienced an average failure rate (using the 2% criter- 
ion) of about 10% per 1,000 hours. Thus, by 9,500 
hours, most of these resistors had “failed,” and over 50% 


) 


of them had resistance deviations exceeding 5%. 

The results indicate that the carbon-film and boro- 

carbon-film resistors investigated in this program will 
not meet long-life high-stability requirements at 70 C. 
The unsatisfactory characteristics of these resistors after 
long periods of operation are (1) a larger number of 
failures, (2) excessive resistance deviations, and (3) case 
cracking. A number of individual specimens evaluated 
did display the desired properties, and it is thought that 
further development of resistor cases and greater control 
over film properties during manufacture would result in 
a fixed resistor with superior life characteristics. 
Digest of paper 59-36, “Life Characteristics of Carbon-Film Resistors 
after 12,000 Hours of Operation,” recommended by the AIEE Elec- 
tronics Committee and approved by the AIEE Technical Operations 
Department for presentation at the AIEE Winter General Meeting, 
New York, N. Y., Feb. 1-6, 1959. Published in AIEE Communication 
and Electronics, May 1959. pp. 201-07. 


H. M. Braner and J. L. Easterday are with the Battelle Memorial Insti- 
tute, Columbus, Ohio. 
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Precision Integrator for D-C Potentials 


J. R. PATTEE 
MEMBER AIEE 


NTEGRATORS of small direct currents and poten- 

tials are useful in a variety of applications such as 
measuring photographic exposure with photovoltaic 
cells, registering watt-hours derived from the d-c output 
of watt converters, both thermal and electronic, and 
integrating current consumption in electroplating. 

An integrator is described which utilizes a d-c ampli- 
fier and a motor-driven tachometer d-c generator pro- 
viding feedback potential as principal elements. The 
input circuit is free of make-and-break contacts, and 
the amplifier gain is very high, so that an accuracy of 
0.1% 
microvolts are 


is regularly achieved and potentials as low as 5 
of either 


) 
resolved. Potentials 


polarity. Values of the integral are almost continuously 


may be 


registered by a counter driven by the motor, and values 
increase or decrease according to the polarity of the 
input. Fig. | is the circuit diagram. 

The integrating process consists of amplifying the 
difference between the input potential and the emf 
(electromotive force) derived from the small generator. 
The amplified difference controls the operation of the 
servo motor coupled to the generator. A fixed quantity 
of millivolt-seconds is generated at every revolution. 
Wren the generated millivolt-seconds are fed back in 
opposition to the input millivolt-seconds, the two sooner 
or later come into balance, because any remaining dif- 
ference appears as voltage across the surge capacitor 
which causes the motor generator to rotate. 

Output current from the d-c amplifier flows through 
R,,, which is a mutual feedback resistance between in- 
put and output. When the generator is stationary, surge 
capacitor potential being low, the resulting potential 
drop across R,, substantially balances e;, while the cur- 
rent charges C. Voltage builds up across it until it 
operates a motor-control relay through the buffer ampli- 
rotate 
deliver an emf across R; which is higher than the 70- 


fier. This causes the motor-generator to and 
millivolt average input potential permitted by design. 
Then the net potential input at the amplifier is re- 
versed, the and the 


capacitor is gradually discharged. At about 2 volts, the 


output current reverses, surge 
contacts are closed and the motor stops. 

Ihe d-c amplifier is a highly stable type utilizing an 
induction galvanometer to convert input currents to 
high-frequency alternating current. This causes fre- 
quency modulation of an oscillator, the output of 
which is converted to bidirectional direct current by 
a discriminator. This amplifier is primarily responsible 
for the high accuracy and resolution achieved by the 
integrator. Accuracy is not materially affected by ampli- 
fier gain, nor by the magnitude of the mutual resistor 
o1 surge capacitor. 

Accuracy also depends on the performance of the 
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Fig. 1. Schematic diagram. 


generator. A high-quality tachometer generator is em- 
ployed, which has a field magnet of cobalt steel, and 
brushes and commutator of silver. Compensation is 
provided for the negative temperature coefficient of 
the magnet by connecting a voltage divider across the 
generator output. The shunt branch Ry, has a section 
of copper wire, the positive temperature coefficient of 
which provides the compensation. A steel shield en- 
closes the generator, which has a cast aluminum case 
completely enclosing the magnet, armature, and resis- 
tors. Internal power dissipation is only 800 microwatts 
and the speed is about 45 rpm, so that self-heating is 
negligible. Under these conditions, uniform internal 
temperature is maintained and the magnet is shielded 
from stray fields. 

The integrating action of the counter is intermittent, 
but it does not lag the true value by more than 15 
millivolt-seconds. When integral steps smaller than this 
must be resolved, a voltmeter is added which measures 
the analog voltage of the surge capacitor. This is the 
instrument labeled mv-sec in Fig. 1, which indicates 
the residual integral not transferred to the counter. 
With its help, integral values can be resolved to 1 milli- 
volt-second., 

An integrator is described for time-integrating direct 
potentials of either polarity up to 70 millivolts average 
value with a resolving power of 5 microvolts. Currents 
can be integrated by means of shunts, and power by 
means of watt converters. Integral values are registered 
with an accuracy of 0.1% or | millivolt-second, which- 
ever is greater. 





Digest of paper 59-166, recommended by the AIEE Indicating and Inte- 
grating Instruments Committee and approved by the AIEE Technical 
Operations Department for presentation at the AIEE Winter General 
Meeting, New York, N. Y., Feb. 1-6, 1959. Published in AIEE Com- 
munication and Electronics, Sept. 1959, pp. 450-53. 


. R. Pattee is with the Daystrom-Weston Central Research Laboratory, 
Newark, N. J. 
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Professionalism and the Individual Engineer 


EDWIN FLEISCHMANN 
MEMBER AIEE 


A discussion of present-day changes in the 

position of engineers in the United States, and 

an outline of the attitudes they must develop 

and strengthen to enhance their professional 
status. 


URRENT PUBLICATIONS are filled with arti- 

cles on how important it is to improve the profes- 

sional status of the engineer. We must begin in the 
secondary schools, they say, and teach the embryo-engi- 
neer that he will be a professional man. In engineering 
school the teachers are adjured to impress the student 
with proper standards of ethics and professional con- 
duct. Just what, basically, is the implication of this? In 
short, if we are to develop engineers as professionals, it 
will first be necessary to know what we expect to achieve. 
Dr. W. E. Wickenden, a former president of the AIEE 


has asked and answered the question as follows: 


“What marks off the life of an individual as a pro- 
fessional? First, | think we may say that it is a type 
of activity which is marked by high individual re- 
sponsibility and which deals with problems on a dis- 
tinctly intellectual plane. Second, we may say that it 
is a motive of service as distinct from profit. Third, 
is the motive of self-expression, which implies a joy 
and pride in one’s work and a self-imposed standard 
of workmanship—one’'s best. And fourth, is a con- 
scious recognition of social duty to be accomplished, 
among other means, by guarding the standards and 
ideals of one’s profession and advancing it in public 
understanding and esteem by showing advances in 
professional knowledge and by rendering gratuitous 
public service, in addition to that for ordinary com- 
pensation, as a return to society for special advan- 
tages of education and status,””! 


Many engineers look wistfully at lawyers and doctors, 
and say to themselves that those are the real professions. 
Why 


important reasons: 


can't we be like that? There are, of course, two 


1. No one in a civilized society can go through life 
without at some time needing the services of a doctor, 
and very few can avoid situations which call for expert 
legal advice. Most people, on the other hand, never need 
to call directly on an engineer. While they may be con- 
scious of engineering through their use of technical 
products, the personal contact is missing. They have no 
first-hand experience of seeing what the specialized skill 


4 special article recommended by the AIEE Professional Conduct 
Committee 


Edwin Fleischmann is a consulting engineer in San Francisco, Calif. 
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of the engineer can do for them when they are in 
trouble. 


2. Because most engineers work for someone else, 
they have only one client, and are, therefore, more 
dependent upon him alone for their livelihood. Such a 
situation is bound to lead to some cramping of the indi- 
vidual’s independence of viewpoint or analysis, how- 
ever hard he and his employer may try to avoid it. True, 
he may quit and get another job; but this may be a 
major project, impossible or impracticable under the 
circumstances. On the other hand, doctors have numer- 
ous patients, and lawyers have many clients. If the inde- 
pendent judgment thus exercised by the practitioner 
does not please one patient or client, there are others 
who find it satisfactory. 

The first of the distinctions mentioned importantly 
narrows the market for engineering services. The second 
one alters considerably the type of standards which the 
engineer may hope to set for his profession. 

How important the latter has become is evident from 
a look at the statistics. Though only meager data are 
available, there is an indication? that not more than 5% 
of all the engineers in the United States are self-em- 
ployed, and for electrical engineers, the percentage is 
even smaller. The 1954 Employment Questionnaire of 
the AIEE showed that only 3.4% of the members at that 
time were self-employed.* Similarly, in March 1956, the 
Eta Kappa Nu Association, AIEE, Institute of Radio 
Engineers (IRE), and Stanford Research Institute sur- 
veyed the seniors and graduate electrical engineering 
students in 129 colleges. Although substantial propor- 
tions of the 3,433 individuals interviewed felt that both 
the technical and financial opportunities in “Engineer- 
ing or Consulting Service’ were “good” and an even 
larger percentage felt they were “average,” only 3% of 
the students who had accepted jobs in March had chosen 
those fields.‘ 


STANDARDS TAILORED TO SPECIAL CONDITIONS 


PRESUMABLY, then, 97% of all electrical engineers 
work for someone else. It is, therefore, of the greatest 
importance that engineering standards of professional 
conduct be tailored to fit this situation, which is unique 
among the learned professions. They must be formulated 
by engineers themselves with a full awareness of the im- 
plications of their actions, and uninfluenced by im- 
mediate swings in the availability of engineering gradu- 
ates. 

Time was when there was a surfeit of engineers. In- 
dustrial managers, who exercised the greatest care in 
the selection of a lawyer to handle an important case, 
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or a doctor for serious illness, hired engineers with a 
certain abandon. The statement was that engineers were 
a dime a dozen; they don’t know much when we get 
them; but we teach them what we want them to know. 

Too much of the literature on the subject of engi- 
neering education has stressed the need to train engi- 
neers for industry, to make them into neat cogs which 
will fit into the industrial machine without any friction 
whatever. How can this sort of instruction turn out truly 
professional men? If our engineering schools are merely 
to mold future engineers so they will exactly suit a 
given niche in industry, almost none of Dr. Wickenden’s 
qualifications will be met. 


MORE FAVORABLE SITUATION 


Today the situation has changed completely. During 
the past several years, we have witnessed a growing 
shortage of engineers in the United States. Older men 
have been retiring and the graduating classes in our 
engineering schools have been shrinking alarmingly. 
Business circles have called attention to the need for 
expanding our ranks,® but unfortunately the efforts of 
managements to woo engineering graduates have tol- 
lowed the earlier philosophy of offering only such in- 
ducements as more money, or better working condi- 
tions, or more favorable pension plans. All too seldom 
do the lures held out to young engineers—or older ones 
-involve improved professional status as well. 

Thus, the time has come to make a change. Let us 
start to train industry for engineers, to insist that indus- 
trial employers: (1) utilize engineers as individuals with 
individual responsibilities; (2) permit them to utilize 
their special skills in the solution of problems on a dis- 
tinctly intellectual plane; (3) realize that the “motive of 
service as distinct from profit” does not justify exploita- 
tion of the engineer for the sole benefit and profit of the 
employer; (4) allow the engineer a broad range of self- 
expression which is a most important ingredient in ar- 
riving at independent judgements; (5) not cavil at the 
sense of perfectionism, which is inherent in an adequate 
“self-imposed standard of workmanship”; (6) encourage 
the engineer's attitude of willingness to serve his com- 
munity, even if such service may not be wholly produc- 
tive of benefits to the employer; and (7) stimulate engi- 
neers to broaden their interests in other fields as well as 
their specialties by study, and by attendance at and par- 
ticipation in meetings and activities of their professional 
societies. 


PROFESSIONAL ATTITUDE NECESSARY 


BASICALLY, no such reshaping of industry’s attitude 
toward engineers will be possible without some wide- 
spread changes in the attitude of engineers themselves 
toward their profession, coupled with a willingness to 
do something about their own personal professional 
stature. It will be necessary for them to adopt a truly 
professional posture toward their work in every way. 
Many may find this difficult; others may already be 
following such policies in their daily contacts. Among 
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the important professional attitudes which the present 
shortage of engineers makes possible are the following: 


1. Decline to be swayed from a method or course of 
action believed to be correct, in order to arrive at a result 
which, on the basis of engineering training and experi- 
ence seems improper. This refusal may have to be 
implemented by a willingness to quit his job if the engi- 
neer’s principal insists on having him do what he con- 
siders technically wrong. 

2. Make sure sufficient technicians are available so 
that engineering time and effort are not wasted in rou- 
tine paper work, computations or drafting which can be 
better and more economically done by others. 

3. Insist on a position of such independence in the 
organization that the solution of given problems can be 
based on individual skill and judgment rather than on 
some preconceived notion of what the answer ought to 
be. 

t. Recognize that, if engineering is a profession, it 
must be practiced by individuals, whether self-employed 
or not. As Dr. Wickenden says, a profession “is marked 
by high individual responsibility.” Corporate practice 
of engineering utilizes the corporation as a device for 
avoidance of individual responsibility. This is the very 
antithesis of professionalism and should be discouraged. 

As technical organizations grow larger, the individual 
engineer may get farther and farther away from his 
principal. His contribution to the engineering excellence 
of his company often becomes part of a mass rating tech- 
nique. He may tend to become just another cog in the 
machine. The literature is replete with suggestions for 
rating engineers in large groups. A recent suggestion® 
describes a technique used by Bell Telephone Labora- 
tories. The aim of all such schemes is to remove the 
personal element, the individual judgment, and reduce 
everything to cold statistical analysis. A true professional 
activity is not susceptible to such evaluation. 

5. Take the position that engineers are individual 
advisors to management, and as such, need no inter- 
mediary like a union to bargain for them with the man- 
agement on salaries or working conditions which are, 
in essence, comparable to the individual practitioner's 
professional fees: 


For the present status of professional recognition, or 
lack of it, engineers have themselves to blame. Improve- 
ment of their situation rests with them, too. It is a num- 
ber one “do-it-ourselves” project. 
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Barge-Mounted 15,000-Kw 


Gas Turbine—Generator Plant 


S. P. STONE 
MEMBER AIEI 


Because of economic and operational considera- 
tions, it was decided to depart from steam gen- 
eration in making the latest addition to the Punta 
Gorda steam electric plant at Lake Maracaibo, 
Venezuela. Barge mounting of the gas turbine 
unit utilized provides mobility and flexibility. 





Fig. 1 


power 


General 


view of 15,000-kw floating gas turbine—generator 


plant. Electric equipment and control house are in the bow, 


shown at the right. 


HE FIRST of two 15,000-kw gas-turbine-driven 

floating power plants was recently placed in sery 

ice by the Creole Petroleum Corporation at Lake 
Maracaibo, Venezuela. Each unit is a completely self- 
contained power plant mounted on a steel barge 50 by 
200 feet (Fig. 1). In addition to the turbine-generator, 
the barge contains the required oil and gas fuel han- 
dling equipment, step-up transformers, switchgear, con 
trol equipment, and an overhead dead-end structure for 
connecting the 34.5-kv output to shore. The dual fuel 
gas turbine may be started, stopped, and controlled 
either from the control room aboard the barge or from 
a remote control point by supervisory control. 

Although normally anchored in a shallow basin out- 
side of Creole’s central power plant at Punta Gorda, 
the unit may be relocated anywhere in Lake Maracaibo 
on short notice to provide electric power in an emer- 
gency. 

The gas turbine is the first unit of this size installed 
aboard ship. It was built at Avondale Marineways un- 
Essentially tull text of paper CP59-1033, presented at the AIEE Petro- 
leum Industry Conference, Long Beach, Calif., Aug. 23-26, 1959. Rec- 
ommended for publication by the AIEE Petroleum Industry Committee 
S. P. Stone is with the Creole Petroleum Corporation, Maracaibo, Vene 
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P. R. BEARD 
ASSOCIATE MEMBER AIEE 


der contract with International General Electric Com- 
pany in accordance with Creole’s guidance specifica- 
tions. Detailed engineering was performed by Sverdrup 
and Parcel, Inc., and Avondale Marineways. 


DESCRIPTION OF UNIT 

Barge Hull and Superstructure. All equipment is 
mounted above deck on a nonpropelled all-welded steel 
barge 200 feet long by 50 feet wide by 13 feet deep, 
with a draft of 41% feet and a superstructure not ex- 
ceeding 50 feet above water. The unit is designed for 
operation under rather severe atmospheric conditions, 
such as winds up to 70 miles per hour, waves 6 to 8 feet 
high at 100-foot intervals, and tropical temperature 
and humidity conditions. Under such conditions, it is 
expected that the barge will not exceed its design maxi- 
mum of 5 degrees pitch and 15 degrees roll while float- 
ing free and unanchored. Properly anchored, the pitch 
will be reduced to 3 degrees and the roll to 10 degrees. 

To prevent capsizing, the barge is compartmented 
with airtight bulkheads so that fully equipped it will 
maintain stability with the loss of any two of its 15 
compartments. The hull is classified by the American 
Bureau of Shipping for short coastwise service. 

For corrosion protection, the interior of the barge is 
painted with a semisolid petrolatum-base rust preventa- 
tive pigmented with pure metallic zinc. This slushing 
compound is a grease-like material, resistant to dis- 
placement from pressure against the coated surface. Its 
outer surface slowly hardens, while underneath, the film 
retains its original consistency and self-healing proper- 
ties. The exterior of the barge hull is given a zinc pri- 
mer followed by four coats of marine-type vinyl paint. 
In addition, magnesium anodes are used around the 
barge periphery for added corrosion protection. 

Ihe equipment on the barge (Fig. 2) may be grouped 
into three main categories: 


1. The gas turbine-generator and its auxiliaries. 

2. The 
turbine. 

3. The 


generator. 


fuel-handling system, on the input side of the 


electric system, on the output side ol the 


In addition to the three major equipment groups, 
there are such other facilities as an air-conditioned con- 
trol room, a diesel generator for standby electric power, 
electric noists for heavy equipment, fire protection and 
marine safety equipment, and convenience facilities. 

The turbine-generator and many of the auxiliary 
devices are protected from the elements by a ventilated 
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Fig. 2. Barge elevation, showing major equipment layout. 


housing located amidships; the fuel system equipment 
is at the aft end of the barge: the electric equipment 
is at the bow. This arrangement provides maximum 
separation, for safety reasons, between the fuel system 
and the spark-producing devices of the electric system. 


Gas Turbine-—Generator. The gas turbine—generator 
unit consists of five major assemblies, arranged in line 
axially as follows: 


1. Starting moto 

2. Accessory gear and clutch assembly 
3. Gas turbine 

4. Generator 

5. Exciter 


The starting motor, accessory gear, and clutch as- 
sembly are used tor cranking the turbine during start- 
up until the unit fires and becomes self-sustaining. The 
motor is a 550-hp 2,400-volt 3-phase 60-cycle wound. 
rotor induction motor coupled to the gas turbine shaft, 
at the compressor end, through an overriding jaw-type 
clutch and gear assembly. It is disengaged automatically 
from the turbine shaft at approximately 55°% of full 
speed. A turning gear assembly, driven by a 5-hp 440- 
volt motor, is also included. It has several functions: 


1. As a breakaway assembly, it provides the initial 
Starting torque, thus reducing the power requirements 
of the cranking motor. 

2. As a turning device, it keeps the shaft rotating 
slowly during the cool-down period to provide for uni- 
form cooling of the turbine rotor. 

3. As a jacking device, it can be used to rotate the 
rotor in small increments to permit inspection. 


The turbine is a simple-cycle single-shaft 3,600-rpm 
unit rated 16,000 kw at standard NEMA (National Elec- 
trical Manufacturers Association) rating conditions of 
80 F air temperature and 14.17 psi pressure, which cor- 
responds to air pressure at an elevation of 1,000 feet. 
Under Lake Maracaibo conditions, with high ambient 
temperatures and sea level, the gas turbine will develop 
15,200 kw. 

The gas turbine assembly consists of a 15-stage axial- 
flow air compressor, 16 combustion chambers, and a 2- 
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stage gas turbine. Atmospheric air is drawn into the 
compressor through air filters; it is compressed to about 
90 psia and discharged directly to the combustors. In 
the combustion chambers, either gas or liquid fuel is 
fed to the hot compressed air stream, and at about 20% 
of rated speed the fuel and air mixture is ignited by 
spark plugs. Cross fire tubes which interconnect the 
combustors, of which there are 16 in number arranged 
axially around the unit, enable the flame from the 
fired chambers to propagate to the unfired chambers. 
Iwo Fireye flame detectors are installed in the combus- 
tion system to detect flame-out and to initiate shutdown 
of the turbine in event of flame-out. 

The compressed air, after passing through the com- 
bustors where it is heated to approximately 1,450 F, 
drives the 2-stage turbine. In the two stages, in which 
the energy split is roughly equal, the gases expand to 
atmospheric pressure at about 830 F and then are dis- 
sipated to the atmosphere by the exhaust stack. 

Ihe generator is directly coupled to the turbine shaft 
at the exhaust end of the turbine. It is an air-cooled 
generator rated 18,823 kva at 0.85 power factor, 6,900 
volts, 3-phase, 60 cycles, 3,600 rpm, Y-connected. 

The exciter is direct connected to the generator and 
is rated 63 kw, 250 volts d-c, 3,600 rpm 

Ihe over-all length of the turbine generator assembly 
is approximately 65 feet, and the width 15 feet. It is 
supported above deck on a structural steel base and the 
foundation is designed to limit deflection to 0.005 inch, 
which is within safe operating limits for the gas tur- 
bine, regardless of equipment, wind, or wave loads. 
The centerline of the gas turbine shaft is approxi- 
mately 10 feet above deck. 


Fuel System. The gas turbine is designed to burn 
either liquid fuel or gas. It is possible to change from 
one type of fuel to the other under load without shut- 
down. This changeover is completely automatic after 
being initiated by a permissive switch in the control 
room. If the generator is operated in parallel with other 
generators during fuel changeover, generator frequency 
will be held constant but generator load will vary 
slightly as a function of the heating values of the two 
types of fuel. If operating alone, the required load will 
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Fig. 3. Simplified one-line diagram of major electric equipment 


be carried and speed variation will be held to a mini- 
mum by the governor. 

Phe liquid fuel suitable tor use with this unit is Esso 
CG 0, 
treatment or preheating to assure proper atomization, 


diesel, which can be used directly without any 
Che heat rate at full load using distillate tuel is 16,200 
Btu (British thermal units) per kwhr, o1 approximately 
16 barrels of C-6 diesel oil per hour at 15,000 kw, as- 
suming a heating value of 19,300 Btu per pound. 

Phe fuel-handling system for the liquid fuel is simple 
and straightforward. Fuel is brought to the barge 
through a small flexible hose from shore or from a tuel 
barge, either directly into the gas turbine fuel control 
system if the line pressure is about 100 psi, or into a 
small storage tank if the line pressure is low. A small 
booster pump is used to bring the pressure up to the 
desired level when the gas turbine is being fed from 
this auxiliary oil storage tank on the generator barge. 

Phe fuel-handling system for gas is considerably more 
elaborate. The gas pressure required at the turbine is 
150 psig, which is higher than the pressure of gas avail- 
able at the Punta Gorda power plant. ‘To boost the in- 
coming gas to the required pressure, two full-capacity 
reciprocating-type gas compressors are installed at the 
aft end of the barge with a capacity of 5,150 standard 
cubic feet per minute (based on 14.7 psia and 60 F 
with a suction pressure of 50 psig and discharge of 150 
psig). Each compressor is driven by a direct-connected 
150-hp, 400-rpm, 2,300-volt 3-phase 60-cycle synchro- 
nous motor, 

The gas connection to shore is made by 8-inch flexible 
Lose through a centrifugal-type axial flow separator to 
the suction side of the gas compressors. The compres- 
sors discharge into a header connected to a 400-cubic- 
foot capacity gas receiver tank, and then through an 
aftercooler into the turbine fuel control system. 


The heat rate using gas is 16,500 Btu per kwhr, or 


265,000 cubic feet per hour at full load, assuming a 
heating value of 1,000 Btu per cubic foot. 
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Electric System. As can be seen in the simplified 
electrical one-line diagram (Fig. 3), the 6,900-volt out- 
put of the generator is connected by bus duct and 
dummy breakers to two 9,375-kva power transformers 
in parallel, which step up the voltage to 34.5 kv. The 
transformer output is connected by cable to 34.5-kv out- 
door switchgear, used for synchronizing purposes, at the 
bow ena of the barge. From the 34.5-kv switchgear, con- 
nections are made to an overhead dead-end structure 
from which power connections are made by overhead 
wires to shore. Overhead static wires and station-type 
lightning arresters are used for lightning protection. 

In addition to the basic generator and switchgear 
equipment, a 1,000-kw 2,400-volt 3-phase 60-cycle diesel 
generator is installed on the barge to provide local 
power requirements during start-up, thus making the 
barge power plant completely self-sufficient. Another 
60-kw 480-volt 3-phase 60-cycle diesel generator is in- 
stalled on the barge to provide power during stand-by 
periods. This unit is also used to provide power for a 


7Y-hp air compressor required for control system ait 


supply and for air starting the 1,000-kw diesel gen- 


erator. 


Control Facilities. The major control equipment is 


installed in a control house forward of the turbine 
housing. Within this control house are four rooms, as 


tollows: 


|. The air-conditioned soundproofed control room 
containing the turbine control panelboard, miscella 
neous starters, relays, motors, control switches, and gen- 
erator synchronizing devices. Control panel vibration is 
minimized by spring vibration dampeners. 

2. A battery room with a heavy-duty nickel-cadmium 
storage battery and charger to provide 125 volts d-c for 
control and emergency power. 

3. A resistor room for housing the resistor bank for 
the 550-hp wound-rotor induction-type starting motot 
for the turbine. 

4. Convenience and storage facilities. 


The control features of the barge power plant are 
unique in that the unit may be started, stopped, and 
controlled not only manually by an operator on the 
barge, but also automatically from a remote control 
point by means of direct-wire supervisory control. Dur- 
ing initial start-up, an operator is required on the barge 
to set up the various valves for normal operation. Once 
set up, these manually operated valves do not require 
repositioning in normal operation. Thereafter, fully 
automatic operation can be effected, because all valves 
which require repositioning in remote start, operation, 
or shutdown are remotely operable and are incorpo- 
rated in the automatic control scheme. 

The remotely located control panel is installed in the 
control room for the existing steam plant at Punta 
Gorda. The Punta Gorda operator can do the follow- 
ing: 

1. Start and stop the gas turbine—generator unit auto- 
matically, 
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2. Vary the generator output voltage and load. 

3. Change fuel from gas to oil, or vice versa. 

4. Open the generator load circuit breaker on emer- 
gency basis. Normal closing of this breaker is controlled 
by the automatic synchronizing equipment on the 
barge. 

5. Control the barge lighting. 


This remote control is performed by supervisory 
equipment requiring only a single pair of wires be- 
tween the barge and the Punta Gorda control room. 
Additional control wires are installed, however, for 
barge-to-shore communication, telemetering of gen- 
erator output information, pilot-wire relaying of the 
barge-to-shore electrical connections, and annunciator 
indications. 


Miscellaneous Equipment. The cooling water re- 
quirements for gas turbines are usually very low; in this 
unit, only 550 gallons per minute of water at 95 F, or 
lower, are required. This need is provided by two full- 
capacity 25-hp cooling water pumps. To minimize cor- 
rosion due to brackish Lake Maracaibo water, a closed 
cooling water system is used. Parts of the lake water 
cooling pumps and of the heat exchangers, which are 
in contact with lake water, are made of suitable mate- 
rials to prevent or minimize corrosion. The cooling 
water intake and discharge are located at opposite cor- 
ners of the barge to minimize recirculation of the hot 
discharge. 


The turbine-generator lubricating system uses a 


shaft-driven oil pump, a 75-hp auxiliary oil pump, and 

two oil reservoirs designed to assure adequate lubrica- 

tion during extreme roll and pitch of the barge. 
Two 1214-ton electric hoists are provided on the 


barge for use in maintenance operations. Sufficient lay- 
down space, adequately reinforced, is available on the 
barge deck to permit removal and storage of turbine 
appurtenances without injury or deformation of the 
barge deck. 

To minimize the fire hazard, gas and liquid fuel han- 
dling equipment, lines, relief vents, and tankage are 
located at a maximum distance from electric equip- 
ment, wherever possible. The turbine housing is de- 
signed free of pockets or dead space that may trap 
gases and is freely ventilated. The area is automatically 
purged prior to start-up of the unit. As an added pre- 
caution, carbon dioxide bottles and piping are installed 
at the generator, and hand fire extinguishers are 
mounted on brackets at critical areas. The oil-filled 
transformers are installed in a shallow well, sized to 
contain all of the transformer oil in the event of tank 
rupture. This well drains overboard by pipe to below 
water level. 


Description of Shore Installation. The floating power 
plant described is installed in a dredged basin adjacent 
to Creole’s existing steam electric power plant at Punta 
Gorda on the east shore of Lake Maracaibo (Fig. 4). 
The basin and approach channel were dredged to a 
depth of 10 feet, and this facility was sized to accept up 
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Fig. 4. Unit under test at basin outside the Punta Gorda power plant. 
At foreground is stern of barge, showing fuel-handling equipment. 


to two additional units. The edge of the basin is rip- 
rapped to minimize erosion and silting. 

The gas fuel supply for the unit is tapped off the 
existing gas supply for the Punta Gorda plant; for 
liauid fuel, a 5,000-barrel storage tank was installed on 
shore. A spit approximately 250 feet long and 30 feet 
wide was constructed from shore jutting into the basin 
to permit access to the barge, and to provide mooring 
facilities and underground installations of fuel lines 
and electric control cables. The underground lines and 
cables are brought to surface terminal devices at ap- 
propriate locations, and then connections are made to 
the barge by flexible hose or cables as required. As pre- 
viously indicated, the high-voltage output of the barge 
generator is conducted to shore via overhead wires to a 
shore dead-end structure, and thence to the Punta 
Gorda power plant substation by underground cable in 
ducts. 

Although installed inshore, this floating power plant 
is capable of operation in waters up to 100 feet deep 
provided wave and wind conditions are such as to limit 
pitch to 5 degrees and roll to 15 degrees maximum. Its 
ability to operate successfully in either shallow or deep 
water facilitates the relocation of this unit under emer- 
gency conditions, and permits the fulfillment of power 
requirements in a rapidly developing oil-producing area 
in the lake. 

In addition to the mooring facilities and fuel and 
electrical connections, one very important shore instal- 
lation is the control equipment. As previously men- 
tioned, the control of the barge turbine and generator 
is via supervisory equipment. The master supervisory 
control panel is installed in the Punta Gorda control 
room and is incorporated as an extension of the exist- 
ing Punta Gorda control panel. Also, the shore 34.5-kv 
breaker and the barge generator load breaker control 
are included in the extension to the existing control 
panel. Thus, in normal operation, the Punta Gorda 
operator will exercise the same control over the barge 
turbine-generator as is generally done for the existing 
shore power plant equipment. 

Since only a limited amount of information will be 
telemetered from the barge to the shore control room, 
such as generator voltage, watts, vars, and station 
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alarms and shut-down signals, the shore operator will 
be more dependent upon automatic devices to protect 
the equipment than in the existing shore plant. 


CONCLUSION 


THE DECISION to depart from steam generation in 
making the latest addition to Creole’s Punta Gorda 
steam electric plant at Lake Maracaibo was predicated 
on economic and operating considerations. The decision 
was influenced somewhat by the success with gas tur- 
bines in gas conservation plants at Lake Maracaibo. 
However, of more importance were the following con- 


siderations: 


|. The initial cost of a gas turbine-generator installa- 
tion is lower than a comparable steam turbine unit for 
Lake Maracaibo conditions. 

2. Being a more compact unit, the gas turbine is 
more suitable for barge mounting than a steam unit 
with its steam generating facilities, rather extensive aux- 
iliary equipment, and high cooling water requirements. 

3. Operating personnel requirements of a gas turbine 
unit are lower than for a similar steam unit 

1. The gas turbine is more suitable for service where 
quick start-up and tully automatic or remote opera- 
tions are desired. 


Offsetting somewhat these advantages of a gas tur- 
Line are its lower over-all thermal efficiency and poor 
heat rate at partial loads. This is particularly true of 
simple-cycle single-shaft gas turbine units. However, 
thermal efficiency becomes of secondary importance in 
an area where fuel costs are low, such as 1n oil-field op- 
e-ations. For this reason also, heat-recovery equipment 
was not considered. Furthermore, heat-recovery equip- 
ment can become quite bulky and difficult to incorpo- 
rate in a barge-mounted unit. 


Barge mounting of the unit offers obvious advantages 
over fixed-station installation. A mobile power plant 
can be used to advantage in emergencies or to cope with 
a major shift of electric load during expanding opera- 
tions. The alternative of making overhead extensions 
to remotely located major load areas is prohibitive cost- 
wise when such extensions are made in fairly deep 
water, such as Lake Maracaibo, where water depths of 
100 feet or more are experienced. The cost of tower 
foundations rises sharply with water depth. In addition, 
the danger of tower or line damage due to ship traffic 
always exists in offshore oil operations, where drilling 
barges, rig movers, pile drivers, oil tankers, and numer- 
ous other craft ply around the clock. Submarine cable 
extensions can be made to such remote loads, but the 
amount of power that can be delivered to a remote 
point by submarine cable is rather limited, Further- 
more, there is always the danger of loss of the cable 
due to anchor damage. Thus, a mobile power plant 
looks very attractive in the light of the foregoing con- 
siderations. 

An additional advantage of barge mounting of the 
gas turbine unit is the fact that the unit can be com- 
pietely assembled in a shipyard docated near the source 
of supply for all equipment required for the project. 
Delays often encountered on foreign construction proj- 
ects as the result of incomplete material shipments and 
scarcity of skilled labor can thus be minimized, For ex- 
ample, the unit described herein was built, checked out, 
run at partial load, and shipped overseas in less than 2 
years; whereas steam plant additions of this size usually 
require well over 3 years to complete. 

The cost of the complete installation, including 
shore facilities and mooring provisions at Punta Gorda 
was about $210 per kilowatt, which compares favorably 
with similar size installations during 1957 in the United 
States. 
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Agena satellites being launched in the Advanced Re- 
search Projects Agency's scientific Discoverer program 
are shown as they go through modification and checkout 
of complex electronic equipment at the Lockheed Mis- 
siles and Space Division in Palo Alto, Calif. The satel- 
lites, launched into space from Vandenberg Air Force 
Base by the U. S. Air Force Ballistic Missile Division, 
are given a series of thorough checks of communica- 
tions, instruments, propulsion, telemetry, and other sys- 
tems before a “hot” engine firing at the Lockheed static 
test site in the Santa Cruz Mountains. The satellites are 
then sent to Vandenberg where they are launched into 
polar orbits by Air Force and Lockheed technicians to 
gather vital data on space conditions and capsule recov- 
ery techniques which will be helpful to United States 
space programs. 
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Impedance Bridge for Surface Temperature Measurement 


R. J. MOULY 
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HE NONCONTACTING emissivity-free measure- 
ment of surface temperatures is a major problem in 
many industrial processes. In order to reproduce the 
temperature conditions that are found to give a satis- 
factory product, it is often desired to measure the surface 
temperature of metallic objects such as rolls or molds. 


The reliability of radiation pyrometers for these appli- 


cations is frequently questionable for the following 
reasons: 


1. The emissivity of highly polished surfaces is often 
uncertain and varying. 

2. An error results from the absorption of radiation 
by gases or liquids interposed between the measuring 
element and the surface whose temperature is to be 
measured. 


This article presents an instrument free of the afore- 
mentioned limitations that has been developed for a 
specific application: the measurement of the tempera- 
ture of the glass-contacting surface of molds used in the 
pressing of glass objects. The measurement problem 
consists of detecting deviations of the surface tempera- 
ture of the mold from a reference value. The molds are 
made of magnetic stainless steel. Inasmuch as the metal 
structure is extremely stable, its electrical and magnetic 
properties do not change with time and are temperature 
dependent only. 

The instrument is based on a sinusoidal eddy current 
method and provides an output function of the mold 
surface temperature only; it is free from thermal drifts 
and permits accurate and reproducible temperature 
measurements over a wide range. A special circuit auto- 
matically minimizes the sensitivity to probe-to-surface 
spacing variations. 

The instrument is basically a 200-cycle a-c comparison 
bridge followed by a phase-sensing detector. An iron- 
cored coil or probe placed in one arm of the comparison 
bridge projects an electromagnetic field into the surface 
of the mold. 

The apparent impedance of the coil in the presence 
of the metal is affected by variations of the metal tem- 
perature and of the probe-to-metal spacing. Spacing vari- 
ations of the order of 10-5 inch affect the probe imped- 
ance as much as a metal temperature variation of | 
degree C. When the bridge is initially balanced for a 
given distance and temperature, variations in these 
quantities result in unbalance voltages Ey of distinct 
phases. 

The phase detector detects that component of the 
error voltage that is in phase with the reference voltage 
E,; if the reference voltage is in quadrature with that 
component of the error voltage corresponding to the 
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effect of spacing variation, the output of the phase detec- 
tor is temperature dependent only. 

Theoretical considerations, experimentally confirmed, 
indicate that the phase of the component of the error 
voltage corresponding to spacing variation is tempera- 
ture dependent; consequently, to attain accuracy in the 
temperature measurement it is necessary to adjust con- 
tinuously the phase of the reference voltage when the 
surface temperature changes. 

The sensing coil is vibrated at low frequency, 20 cycles 
by the modulation motor, in order to modulate the 
probe-to-metal spacing sinusoidally. This results in an 
amplitude and phase modulation of the error voltage 
E,. The phase of the reference voltage E, is adjustable 
by the phase shifter whose position is controlled by a 
servo system. As long as the phase of the reference volt- 
age is not correct, a 20-cycle component is present in the 
output of the phase detector. This component is the 
error signal, the input of the servo system that adjusts 
the phase shifter position until the 20-cycle component 
disappears from the output of the phase detector, at 
which time the output is a function of the mold surface 
temperature variation only. 

Other features have been incorporated to obtain a 
high degree of stability in the instrument readings. The 
impedance of the sensing coil alone is periodically com- 
pared to that of a reference inductor. Any impedance 
difference, due to aging or ambient temperature varia- 
tions, for example, is compensated for by two servo 
systems that adjust variable resistance and reactance 
components. Other critical components of the instru- 
ment are mounted in a constant-temperature oven. 

The instrument can operate continuously and detect 
surface temperature variations of the order of | degree 
C at temperatures up to 500 C. The over-all time of 
response is about 5 seconds, although, when balanced, 
a 5-degree C per second rate of change of surface tem- 
perature can be followed. The output is not affected by 
probe-to-metal spacing variations of 0.01 inch. The 
measurements are emissivity-free and are performed 
without contacting the mold surface. Not even direct 
optical view is required, 

The measurement technique is applicable to temper- 
ature measurements of conductive nonmagnetic bodies. 
In this case, if surface temperature measurements were 
desired, it would be necessary to operate at higher 
measurement frequencies. 
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Pictorial Data Transmission 


from a Space Vehicle 


J. F. BAUMUNK 


Space communications pose a unique set of 
problems in line-of-sight transmission. Major 
ones include nonstatienary terminals, the astro- 
nomical distances involved, and bandwidth re- 
strictions consistent with power restrictions. There 
are also conflicting requirements of maximum 
reliability and minimum weight of equipment. 


ANY of the problems of communication with 

a space vehicle are not in themselves unique 

because they are primarily line-of-sight commu- 
nication. The combination of these problems related to 
space vehicle communications is, however, rather un- 
usual, and possible solutions to meet both present and 
future requirements are of interest to both the com- 
munication and television engineer. Major problems in- 
clude the literally astronomical distances involved; non- 
stationary terminals which may be moving many tens of 
miles per second relative to each other; and bandwidth 
restrictions consistent with the power restrictions. These 
areas are closely related in that efficient use must be 
made of the available bandwidths with modulation 
schemes that do not necessitate overly complex equip- 
ment. There are also the apparently conflicting require- 
ments that the equipment must be very reliable as well 
as light in weight and small in size. 


DESIGN CONSIDERATIONS 


ONE OF THE FIRST CONSIDERATIONS is that of choosing a 
carrier frequency. For space communications, a_ fre- 
quency high enough to penetrate the ionosphere must 
be used. There is a great deal of man-made noise below 
30 me, as well as cosmic noise at higher frequencies. At 
higher and higher frequencies, the noise continues to 
drop until, between 10 and 20 kmc (kilomegacycles), the 
noise level again rises due to the water vapor. Fig, | 
illustrates the noise temperatures and their sources. 
From the graph it may be concluded that frequencies 
for communication purposes must be between approxi- 
mately 150 mc and 10 kmc. The choice within these 
limits depends upon the power requirements and the 
state of the art. For example, in a low-power space- 
vehicle transmitter, one might look to solid-state devices 
for reliability and efficiency, a choice which then limits 
the frequency to the few hundred megacycle range. 
As devices of higher frequencies are improved for space 
use, higher frequencies will be used. The present state 
of the art, in fact, indicates that the 1,000-mc range is an 
optimum choice for some systems. The one important 
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factor that should influence any system design for space 
communication is reliability. The most sophisticated 
theoretical system is worthless if it is not reliable, so that 
it is far better to have a basically simple system with 
emphasis on reliability. 

A considerable variety of television systems may be 
used in space probes; some may bear little likeness to 
what is commonly called television. It is beyond the 
scope of this article to discuss pickup devices, scanning 
modes and methods, and storage equipment. The scan- 
ning devices may be electrical or mechanical, or both, 
and the storage device may be a vidicon or some form 
of tape storage. The communication problem may be 
described adequately by discussing the image in terms 
of the number of picture elements. Since one cycle will 
describe two picture elements, the product of frequency 
bandpass and time of transmission is a constant for any 
picture of given resolution. This permits the trading of 
bandwidth for time of transmission. 

The determination of required signal-to-noise ratios 
depends on the over-all system requirements and in many 
instances is made on a subjective basis. Shown in Fig. 2 
is a 500-line picture of what may be expected to be seen 
on the surface of the moon with a 10-db signal-to-noise 
ratio. The signal-to-noise ratio is defined in this paper 
as 20 log (peak-to-peak video voltage/2 rms noise volt- 
age). It is noted that, although for some applications this 
may be adequate, it leaves something more to be desired. 
Fig. 3 is the same view with a 20-db signal-to-noise ratio. 
These pictures were taken with an exposure of one 
frame and are not as good as visual observation of the 
same signal-to-noise ratio at standard television rates. 
This is because the eye tends to integrate the noise and 
signal over several frames when viewing standard tele- 
vision. One can also determine the required signal-to- 
noise ratio in terms of the required number of distin- 
guishable gray levels and object size. In this case, the 
noise power spectrum and the first and second order 
statistics of the noise must be taken into account. 

Power consumption economy and circuit simplicity 
usually govern the 4ype of modulation to be used. Nar- 
row-band FM has several advantages; one advantage is 
the noise improvement factor due to the shape of the 
output noise spectrum. This results in a lower trans- 
mitter power. Other advantages are the comparatively 
low modulating power required, the relative simplicity 
of FM transmitter circuits, and the capability of wide 
dynamic range where it is required. 

J. F. Bawmunk and §. H. Roth are with the Radio Corporation of 
America, Princeton, N. J 
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Fig. 1. Equivalent noise temperature vs. frequency. 


In comparison, pulse-modulation techniques require 
larger bandwith or more circuitry; AM requires con- 
siderably more modulator power, and single side band 
much more circuitry. Phase modulation has many of the 
advantages of FM, but does not have the noise improve- 
ment capability. 


The slow transmission rate requires that the system 
be essentially d-c coupled. In an FM system the Doppler- 
shift frequency variations would act the same as a low- 
frequency signal. The amplitude of this variation is di- 
rectly proportional to the frequency shift and can be 
quite large. Froin the series expansion relating the 
Doppler shift to the radial velocity of the two terminals, 
it is seen that the higher-order terms can be neglected 
when the radial velocity is small compared to the speed 
of light. For example, a change in vehicle velocity of 
1 mile per second would produce a shift of 5.4 kc in the 
case of a 1-kmce carrier. 


V ye ye 
f =f ts#®— #1/2— #=1/2—.. 
c id a 
where 
velocity ot light 
radial velocity of vehicle 
original frequency 


shifted frequency 


FEBRUARY 1960 


Baumunk, Roth—Pictorial Data Transmission 


for 


t = 1 kme 
V= 1 mile/sec. and 


At =5.4 ke 


In most cases variations of this order would be in- 
tolerable. Phase or amplitude modulation is of no help 
since there is no d-c capability. Digital pulse modulation 
does have d-c capability, but the large bandwith require- 
ments make it unattractive. The problem is solved by 
the use of a subcarrier. The information signal modu- 
lates the subcarrier which in turn modulates the carrier. 
FM is generally used for the subcarrier for the same 
reasons that apply to the carrier. The Doppler shift of 
the subcarrier follows the same relationship as that of 
the carrier; however, its center frequency is many orders 
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Fig. 2. Television test 
pattern and a 500- 
line picture of what 
may be expected to 
be seen on the 
moon's surface with 
@ 10-db  signal-to- 
noise ratio 





of magnitude less than the carrier, giving a correspond- The signal-to-noise ratio at the output of an FM/FM 
ing reduction in Doppler variation system is: 

PFRANSMISSION FROM THE VICINITY OF THE MOON s = C VB F, F; 

Po ILLUSTRATE THE DESIGN of a Communication system = y PP fo fee fa" 4 fect’ — fis - fochi* —_ Soc*fi® y 
lor space-television transmission, let us look at a very — a ee a 5 2 3 


realistic problem such as the transmission of a picture 
from a station in the vicinity of the moon. The picture where 
to be transmitted is square and scanned with 500 lines 
in a conventional manner. It is also desired to maintain 


Ss 
500-line resolution. The readout rate of the picture is 7” = rms signa! voltage-to-rms noise voltage ratio 
one frame per minute. We may also choose, based on ; 
the previous discussion, a signal-to-noise ratio at base ; 
band of 20 db. ae rms carrier voltage-to-rms noise voltage in the i-f amplifier 
Phe bandwidth requirement is: Nir 


500 x 500 B- = bandwidth of i-f amplifier 
ture elements 5 

BW ("= wes semen) a BW = - ot =2100cps i =r-t carrier peak deviation 
F 


2 X time in seconds 120 = subcarrier peak deviation 
fs. = subcarrier center frequency 
An FM/FM modulation scheme with the tollowing - f,, = cutoff frequency of video output circuits 
parameters is selected: fi = fer — fm 
f = fy + fa 
Subcarrier trequency 5,000 cps substituting: 
Modulation index (subcarrier) 1 B =2X 10 
Video base-band bandpass 0 - 2,100 cps ki =7X 10 
KF, = 2.1 xX 16 
Carrier frequency 1 kmc f. =5X 10° 
= 2? 3 
Modulation index 1 hm 2.1 X 10 
fy = fac _ im = 2.9 x 10 
|-F (intermediate frequency) bandwidth 20 kc fs =hetin = 7.1 X 10°. 


Fig. 3. This is the 
same view as Fig. 2 
but with a 20-db 
signal-to-noise ratio. 
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We find that the required signal-to-noise ratio in the 
i-f passband is 3.6 or 11 db. 

The noise power in the i-f passband referred to the 
receiver input is given by P, = KT,B 


where 


= noise power 


= Boltzmann's Constant 
= effective noise temperature (K) 
= 1-f bandwidth 


oY 


BAR 
| 


The effective noise temperature (T,) is made up of 
two components; the effective temperature at the an- 
tenna terminals (T,) when connected to a perfect noise- 
less receiver and T, the effective noise temperature of 
the receiver referred to the input of the receiver when 
connected to a perfect noiseless antenna. By superposi- 
tion T, = T, + T, 

For this example a 2-db noise figure receiver was 
chosen. This can be achieved by the use of a parametric 
amplifier preceding a conventional low-noise i-f ampli- 
fier. The effective temperature of the receiver can be 
computed from the relationship 


T, = 293 (NF-1) where NF = noise figure of the receiver. 
For a 2-db receiver NF — 1.6, and T, — 293 (16 — 1) — 175° K. 


The temperature is determined by the 
amount of random radio energy received from space and 
through side lobes oriented toward the relatively “hot” 
earth. There is also a contribution due to losses in the 
antenna and the transmission lines to the receiver. The 
actual noise temperature is a function of the direction 
of the antenna beams, but a good approximation can be 
made of about 100 K, providing the side lobes are well 
suppressed and the beam is not pointing at a particular 
“hot” source such as the sun. The total effective noise 
temperature for this example is then 


antenna 


T. = 100 + 175 = 275° K 


and the noise at the input of the receiver is 


P, = KT.B = 1.36 X 10-** X 2 X 10° X 275 = 
7.5 X 107" w or —161 dbw 


This means that the receiver power (P,) must be 
— 161 dbw + 11 db or —150 dbw. Using the well known 
transmission equation 


P, GG, d* 


P, (4% 4)? 


where 


G; = gain of the transmitting antenna over an isotropic antenna, 
+ = gain of the receiving antenna over an isotropic antenna, 

= wavelength, 

= distance in the same units. 


a> 


For the system described: 
d = 250,000 miles X 1.609 X 10° = 4.02 X 10 meters 


300 
A = —— = 0.3 meters 


1,000 
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P, 3X 10-*)? 
1, oe GR" — Ge, = (0.381 x 10-* GG) 
P, (4% X 4.02 X 10)? 
P, 
a = —204.5 db + G; (db) + G, (db) 
t 


or the loss between isotropic antennas is 204.5 db. Choos- 
ing trom reasonable and available antenna systems, the 
ground antenna is a 60-foot dish with vertical and hori- 
zontal feeds and polarization diversity. The expected 
gain of such an antenna is 43 db. This does not consti- 
tute the highest-gain antenna in existence, but an avail- 
able size. The vehicle antenna is a circularly polarized 
crossed dipole used in an attempt to achieve an isotropic 
antenna. The gain of this antenna is about —3 db. Then 


P, 
— = 204.5 — 3.0 + 43.0 = —165 db 
Pr 


Therefore, if the power received must be —150 dbw, 
the transmitter power required is —150 dbw—(—165 db) 
or 15 dbw. Allowing a 10-db margin for equipment de- 
terioration and nonoptimum operating conditions mak- 
ing the transmitter power 25 dbw or approximately 300 
watts (still a rather high power considering that the 
efficiency may be in the order of 20%), the power re- 
quirement would be 1,500 watts. 

One of the obvious ways to reduce the power require- 
ment is to increase the time of transmission, but the 
total energy required for the transmission of one picture 
is still the same. The weight and size of the transmitter 
are reduced, however, to that of a 30-watt transmitter if 
the time is increased, for instance, to 10 minutes. How- 
ever, there may be some advantage, as a function of 
realizable efficiency, in using one rather than the other 
t:amsmitter, provided either transmission time is ac- 
ceptable. 

A more advantageous solution is obtained by increas- 
ing the gain of the antenna system. Some vehicles may 
be stabilized to maintain the optical axis orientation, 
in which case it may be feasible to use a directional in- 
stead of the isotropic antenna. This antenna would be 
even more feasible if the space probe were to land on 
the moon. 

Since the angle subtended by the earth is approxi- 
mately 1.8 degrees, the earth could be tracked by infra- 
red sensors which could provide data for pointing at 
the center of the earth as long as the beam width of the 
antenna was large enough to illuminate the earth. An 
example of this is a 5-foot dish which has a gain of 21 
db. The beam angle is given in degrees by 


(7 
0 = 4.|——_ 
G 


where G is the gain of the antenna or in this case 125. 
Therefore 


[27,000 
C= 4i——— ah? 
125 
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Table I. Energy Required for Each Picture. 


Time of trans- Radiated Input power Total Antenna 

mission power (at 20 %G% energy, whr gain (db) 

(One frame) (watts) efficiency) 

I minute $00 . 1,500 re ere G, 3 
Ge 45 

10 minutes o> 40 150 ‘ ..: séetne~ G, 3 
Gy 43 

I minute : 1.25 6.25 0.105 G, 21 
G 43 








Table Il. Specifications of Moon-to-Earth System. 


500 
250,001 
1 min 


Picture resolution 500 lines 
Number om clements 


Transmission time 


Base band 2100 cps 
Range 250,000 miles 
Receiver 

I-F bandwidth 20 ke 

Noise figure 2 db 

Antenna 60-foot dish 

Gain ot antenna eeree 43 db 
Transmitter 

Carrier trequency 1 kim 

Type modulation IM 

Peak deviation +7 ke 

Antenna crossed dipoles 

circularly polarized 

Antenna gain $db 
Subcarrier 

Center trequency 5 ke 

Type modulation ............. FM 

Peak deviation +2.1 ke 





Chis is a reduction of power required by 21 db—(—3 
db) or 24 db. The power required with the isotropic 


antenna was 25 dbw or 300 watts, but now is 25—24 — 
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1 dbw which is 1.25 watts. This is a very reasonable 
power requirement and within the present state of the 
art for using solar cell power supplies. This saving must, 
however, be weighed against the increased power con- 
sumption and the weight required to track the antenna, 
which depends upon the particular probe (since some 
probes lend themselves more easily to antenna stabiliza- 
tion by virtue of the requirements of the primary experi- 
ments aboard the vehicle). 

This same gain could be realized by increasing the 
gain of the ground receiving antenna, but it would re- 
quire a dish well over 600 feet in diameter to effect the 
same gain as the 5-foot dish on the vehicle. Table | 
illustrates the energy required for each picture for the 
different component selections. 


CONCLUSION 


THIS DISCUSSION is not intended to provide fixed rules 
for the design of a communication system for space ve- 
hicles, but rather to point out some of the major areas 
to be considered. It has, however, illustrated the prac- 
ticability of instrumenting such a system. The actual 
configuration of a system will depend on the mission 
and payload capabilities. General conclusions can, how- 
ever, be made such as the advantage of using FM sub- 
carriers for video transmission. Higher carrier frequen- 
cies will be used because of the lower noise level and 
increased antenna gain as practical equipment becomes 
available. It will then be very helpful to use low-noise 
amplifiers such as the maser. 
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Being readied for shipment to the Westinghouse Re- 
actor Evaluation Center at Waltz Mill, Pa., is one of 
10 fuel elements designed and built by Westinghouse 
Electric Corp. for use in Belgium’s first atomic powet 
plant. The fuel rods were assembled at the company’s 
atomic power department. When the reactor core is 
completed, it will consist of 32 fuel elements, each with 
a total of 110 tubes which contain pellets of uranium 
oxide, the nuclear fuel for the reactor. The remaining 
eight elements will be used as spares. Last year, the 
Atomic Energy Commission issued Westinghouse the 
first license for export of a United States manufactured 
power reactor. The 11,500-kw power plant is scheduled 
for operation in September 1960, at Mol, Belgium. 
Westinghouse designed and developed the reactor por- 
tion for the Centre d’Etude de |’Energie Nucleaire, a 
nonprofit organization formed by the Belgian govern- 
ment, scientific centers of the universities, and Belgian 
industry. Shown loading the fuel element into its ship- 
ping container are some technicians of the Westing- 
house atomic power department, located in Forest Hills, 
Pa. 
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Experimental Fault-Locating Work on Pipe-Type Cable 


H. L. GARTON 
MEMBER AIEE 


C. JASPER 
ASSOCIATE MEMBER AIEE 


HE INCREASED USE of high-pressure oil-filled 
pipe-type within the Commonwealth 
Edison Company prompted a re-evaluation of fault 
cating methods. 


cable lines 


O- 


Known measurement methods are 
adequate for pipe-type cable lines. 


Ii- 


New fault-locating methods and equipment were de- 
veloped to supplement existing methods and _ tested 
using various simulated tault conditions on pipe-type 
cable lines. As a final check on the workability of both 
the existing and newly developed fault-locating meth- 
ods, tests were made on a new 12-mile 138-kv pipe-type 
cable line using faults which were built into two of the 
three conductors in a joint. It was concluded that faults 
can be located quickly and accurately by a 2-step pro- 
cedure: first, an approximate location; and second, an 
exact location. 


OBTAINING THE APPROXIMATE LOCATION 


‘THE Murray Loop is the most accurate of all approx- 


imate methods, but it requires a fault characteristic 
which permits a steady flow of direct current. The aver- 
age of five measurements during the tests on the artifi- 
cially faulted pipe-type cable line resulted in an average 
error of 11 feet, the largest error of any measurement 
being 28 feet. 

Radar, or the reflected impulse method, has its opti- 
mum value on open circuits, near zero-resistance short 
circuits, or other type faults having large impedance 
discontinuities. A trial on the faulted pipe-type cable 
line resulted in an error of 102 feet. 

The newly developed methods allow an approximate 
location of an arcing-type fault. The errors of measure- 
ment of the two methods are in the range of 100 to 
300 feet. 


CHARGED CABLE . 
OR CAPACITOR ! 
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Fig. 1. Sound-directional indicator. 
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H. R. WINEMILLER 
MEMBER AIEE 


E. J. STEEVE 
ASSOCIATE MEMBER AIEE 
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| PICK-UP BRASS 
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cHanner |_OMPt L? ___} CHANNEL 
, [tric | : 
IG 
L__ START| STOP 
wilh RR, SOUND PICK-UP 
DEVICE 
Fig. 2. Sound-distance method. 
The first method, known as electric-pulse timing, 


makes use of the two electric pulses originating at the 
fault which travel in opposite directions along the line. 
The difference in arrival time at two terminals is meas- 
ured and compared with the known time of pulse travel 
for the total cable length to determine the location of 
the fault. 

The resonant-line method makes use of the electric 
The loca- 
tion of the fault is found by measuring the resonant 
frequency of the line between a terminal and the fault 


resonant frequency characteristic of the line. 


and comparing it with the resonant frequency of the 
line between the terminals. 


PINPOINTING THE FAULT 


THREE PROPERTIES of a sound or shock wave created 
by an electric discharge at the fault furnish the basis 
for three exact or pinpointing methods: 


1. Measurement of the amplitude, or sound-level 
method. 

2. Determination of the direction of propagation, or 
sound-directional method. Equipment developed for 
in Fig. The pickup unit 
which is nearer the fault is actuated first, locking out 
the other 


fault. 


this method is illustrated 
unit, and so determines the direction to the 


3. Use of the speed of propagation, or sound-distance 
method. The principle is illustrated in Fig. 2. The time 
interval between the arrival of the electric pulse and the 
sound pulse is measured and used to obtain the distance 


to the fault. 


Digest of paper. 59-162, recommended by the AIEE Insulated Conductors 
Committee and approved by the AIRE Technical Operations ge 
for presentation at the AIEE Winter General Meeting, New York, N. 


Feb. 1-6, 1959. Published in AIEE Power Apparatus and Systems, Odi 
1959, pp. 821-29. 
H. L. Garton, C. Jasper, and H. R. Winemiller are with the Common 


wealth Edison Company, Maywood, IIl., 
Commonwealth Edison Company, 


and E. J. Steeve 
Chicago, Ill. 


is with the 
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Paralysis Following “Freezing” to a Wire 


C. F. DALZIEL 
FELLOW AIEE 


OW LONG will you be “frozen” to an energized 
wire after the circuit is interrupted? Failure to 
utilize the correct answer in design might result 
in your being a victim the next time you inadvertently 
grasp an electric fence. Information on the probable 
length of time it takes a person to release his grasp of 
a wire alter being subjected to currents above his “‘let- 
go” limit is important in establishing the minimum 
allowable “oll” period for electric fences and is of 
concern to the ASA (American Standards Association) 
Sectional Committee on Electric Fences, C69. Death is 
to be an expected result should a victim suffer a sul- 
ficient number of shocks due to his inability to release 
his grasp of an electrified fence during the “off” period 
between consecutive shocks. 
Fig. | shows data obtained on 32 men to determine 
the maximum probable time delay in releasing a con 
ductor following interruption of a 60-cycle current 


slightly in excess of the individual's let-go current. 
Each subject was given a 60-cycle current sufhicient to 


coppel While he 
struggling in the attempt to let go of the wire, the 60.- 


freeze him to a no. 8 wire. was 


cycle current was interrupted and a time operated on 


a few milliamperes of 250-k« unperceptible current 
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Fig. 1. Let-go time lag distribution curve, showing time de- 
lay in releasing a no. 8 copper wire following interruption 


of a 60-cycle ‘‘freezing’’ current. 
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Fig. 2. Circuit used in determining time delay when ‘freezing’ 60- 
cycle current is interrupted. 


measured the time interval between interruption of the 
60-cycle current and release of the wire. The results 
indicate that 3 men out of the 32 had a time delay ot 
nearly 0.4 second. The tests were limited to currents 
2 to 4 milliamperes in excess of the individual's let-go 
current, and no tests were made with impulse currents. 
Thus, it 1s possible that the let-go time delay might 
be longer for higher 60-cycle currents and tor short im- 
pulses of 100 or more milliamperes as used in some types 
ol electric fence controllers. The “off” period presently 
required varies from about 0.75 to 1.0 second. This 
amounts to a factor of safety of approximately 2, based 
on 60-cycle freezing currents. This “off” period has been 
used for a considerable number of years, and is consid- 
ered satistactory because of the lack of reported acci- 
dents involving commercial electric fence controllers 
The circuit used is shown in Fig. 2. As noted in the 
hgure, the push-button switch interrupted the 60-cycle 
current and started the timer which operated until the 
test electrode broke contact with the subject's hand 
Prior to the tests all subjects were examined by a 
physician from the University of California Medical 
School, San Francisco. They were given a physical ex- 
amination including an electrocardiogram. The men 
ranged in age from 18 to 50. Only those in good physi- 
cal condition, who had not had a recent illness, and 
who had normal blood pressures and electrocardiograms 
were used. 
Full text of paper 60-3, presented at the AIEE Winter General Meeting, 
New York, N Y., Jan. 3l-Feb. 5, 1960 Recommended for publication by 
the AIEE Safety Committee. 


C. F. Dalziel 1s with the University of California, Department ot Electri- 
cal Engineering, Berkeley, Calif. 


ELECTRICAL ENGINEERING 











Long Time Delays from a Single Magnetic Storage Core 


C. E. HARDIES 
ASSOCIATE MEMBER AIEE 


CCURATE TIME DELAYS are essential to both 

industrial and military control. Static devices pres- 
ently available provide delays accurately and economi- 
cally up to a few seconds. The emphasis on reliability 
in these fields has made it desirable that a static device 
be developed to generate long time intervals. 

The static device described uses magnetic cores with 
essentially rectangular hysteresis loops, and transistors 
as switches. Accuracies of better than 1% are achieved 
for time intervals less than 1/10 second up to several 
minutes. 

The property of a rectangular-loop magnetic core to 
absorb a fixed volt-second integral as determined by 
the flux change from one saturation level to the other 
has been used in short time delays by G. F. Pittman,' 
J. L. Lowrance,? R. L. Van Allen,* and others. The 
present device uses this basic property in such a way 
that the time delays achieved in a single stage are 
much longer than in previous designs. 

In the device described by Pittman, this fixed volt- 
second value is used to advantage. By pulsing the mag- 
netic core with unidirectional pulses of fixed volt- 
seconds, the core flux is changed from —@®, to +, in 
discrete steps. The time delay is determined by the rate 
and number of these volt-second pulses. This can be 
expressed as follows: where n is the number of pulses, 
N is the number of turns, ®, is the saturation flux 
density in lines, e is the instantaneous value of the core 
voltage applied for the time interval At. 


whee 10-8 
rn= bd Pa 
Fd edt (D 
At 


The present device extends this basic reasoning to in- 
clude the proposition that this voltage function need 
not be unidirectional. Time delays are achieved by 
alternately pulsing the core with positive and negative 
volt-second pulses. The difference between the positive 
and negative pulses is adjusted to be a few microvolt- 
seconds. The time ir.terval which can be generated is 
the 


must be applied to the core in order to change the flux 


determined by number of times this difference 
level from one saturation to the other. The number of 
full cycles which must be applied to the core to accom- 


lish this ux change can be expressed: 
te] 


2N®, 
hee (2) 


(Difference Volt -Seconds! 


The smaller the difference between the positive and 
negative pulses, the greater the values of n. Experi- 
mentally, it is not difficult to achieve values of n in 
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Fig. 1. Single-stage time delay. 


excess of 7,000 with a single storage core. Since this 
number can be made so large, the pulses can be taken 
directly from a 60-cycle power source with time delays 
of 2 minutes using a single magnetic core. Using uni- 
directional pulses, four stages would be required to 
produce an equivalent time interval. 

The circuit of the device is shown in Fig. 1. The 
core is excited with an asymmetrical a-c voltage. This 
is accomplished by making the values of the resistors 
R, and R, different, by making these resistors equal 
and biasing the magnetic core with a direct current 
through the bias winding Nx, or by introducing a d-c 
potential in series with the a-c excitation. Each of 
these has the effect of causing the core voltage to as- 
different alternate half 
cycles. Timing is initiated when switch §, is closed. 


sume volt-second values on 

The device was checked experimentally over a volt- 
age and frequency range of +10% each and over a 
—20 C to +60 C for different values 


of time delay with less than 1% 


tempera ture range 
error. 
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Thermal Environmental Factors 


Affecting Exposed Pipe-Type Cable 


W. A. TRIPP 
MEMBER AIEE 


A cable design based on an investigation made 

on a straight heat balance basis. New and use- 

ful data was uncovered through an approach 

which may prove of general interest to engi- 
neers. 


S PART of a 69-kv pipe-type cable installation it 

became necessary to cross the East River in New 

York City between the Boroughs of Manhattan 
and Brooklyn. Two circuits were run on the Williams- 
burg Bridge, resulting in a substantial section of the 
route being exposed to full outdoor conditions, includ- 
ing direct sunlight. Experience and certain available 
data are sufficient to develop a design that should op- 
erate satisfactorily under these thermal conditions; how- 
ever, it was thought to be of interest to effect an inde- 
pendent check on a straight heat balance basis. 

The heat exchange takes place at the exterior surface 
of the pipe. Heat delivered consists of circuit losses 
from within and heat absorbed from sunlight. Heat is 
dissipated by radiation and convection. The pipe sur- 
While 
exact, this assumption permits an answer to be obtained 


face is considered an isothermal surface. not 
in terms of a mean effective temperature for the pipe. 
The internal temperature gradient, determined in the 
usual way, is added directly to this to get the operating 
temperature of the conductors. 

Ihe two pipes are spaced horizontally 18 inches apart 
center-to-center, and, therefore, are considered reason- 
ably isolated from each other. The data for each circuit 


for the run on the bridge are: 


Cables: 3-phase system, 69 kv, 60 cycles. 
One | million circular-mil compact seg- 
mental copper conductor per phase, 405- 
mil paper insulation, 2 copper shielding 
tapes and bronze skid wire. 

Pipe: Steel, 654 inches OD, 57% inches ID, 3% 


inch wall. Painted surface, black. 
Pressure 
medium: Nitrogen gas, 200 psi (pounds per square 
inch) nominal operating pressure. 


AMBIENT TEMPERATURE 


ACCORDING TO LOCAL WEATHER RECORDS, the annual 
maximum ambient (air) temperature is apt to occur 
during the month of July, and particularly the latter 


A special article recommended by the AIEE Insulated Conductors Com- 
mittee. 


W. A. Tripp is with The J. G. White Engineering Corporation, New 
York, N. Y. 
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half of the month. This maximum seldom exceeds 95 F, 
only 4% of the recorded maxima being above that 
value. This information is derived from an unpub- 
lished analysis made by the New York office of the 
U.S. Weather Bureau for the years 1871-1957. In order 
to allow for reasonably severe conditions, it was de- 
cided to use an ambient temperature of 95 F. This is 
35 C. 


INCIDENT SUNLIGHT 


MAXIMUM INCIDENT SUNLIGHT CONDITIONS are apt to 
occur somewhat earlier in the year than the maximum 
ambient temperature. The sun is higher in the sky in 
June than in July, and while this will not alter the 
amount of sunlight of a given intensity impinging upon 
a cylindrical object, such as a pipe, with its axis in an 
east-west line, it does mean that the sunlight has to pass 
through a greater atmospheric distance than at time of 
the summer solstice. Perhaps more important, the hu- 
midity is apt to be greater in July and early August 
than in June. Also, the dust and pollen count may be 
up if there has been a period of dry weather. 

The U.S. Weather Bureau operates a solar radiation 
recording station in Central Park. This measures and 
draws a curve of the heat absorbed by a horizontal 
surface on an instrument called a pyrheliometer. Rec- 
ords are averaged on an hourly basis, each hourly value 
being the average of three values from the curve for 
the given hour. Records are in Langleys, a Langley 
being a gram-calory per square centimeter per hour, 
which is 3.68 Btu (British thermal unit) per square foot 
per hour or 3.68 >< 0.293 — 1.078 watt per square foot. 
On a typical high radiation day, which would be clear 
and substantially cloudless, the average of three read- 
ings for the peak hour is not much below the peak of 
the curve. Although the thermal capacity of the cable- 
pipe system is not great, it would seem that an hourly 
average would be a suitable basis to use. 

The maximum pyrheliometer record for the year 
1958, which happened to be a rather high maximum, 
was 96 Langleys, occurring on June 6, between 12 noon 
and | p.m. This is 354 Btu per square foot per hour, 
but on a horizontal surface. Considering the noon 
height of the sun for that date, this amounts to 372 
Btu per square foot per hour at right angles to the sun’s 
rays, disregarding any inaccuracy in treating the full 
sky component in this manner. 

The Standard Handbook for Electrical Engineers! 
gives the following as reasonable values for heat from 
incident sunlight at 12 noon on August 1 for 40° 
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north latitude: 298 Btu per square foot per hour on a 
horizontal surface and 94 Btu per square foot per hour 
on a vertical surface facing south. These values com- 
bine to a total of 312 Btu per hour perpendicular to 
the sun’s rays. However, this combination does not 
check exactly with the sun’s height for the date. On 
solar angle, the 298 would give 322 Btu per square foot 
per hour, while the 94 would give only 250. Neverthe- 
less, these may be taken as in reasonable agreement with 
the Weather Bureau data. A recent paper on ACSR 
(steel reinforced aluminum cable) cable by House and 
Tuttle,? drawing on the Heating, Ventilating and Air 
Conditioning Guide, implies comparable but possibly 
lower values. 

While there is an interesting fund of data available 
on the subject of climatology, further details relating 
to the steps by which the assumed conditions were se- 
lected will not be included here. 

On the basis of the information reviewed, and giving 
most weight to the actual measurements of the Weather 
Bureau, it was decided to use a design value of 350 Btu 
per square foot per hour or 102.5 watts per square foot 
for the black body absorption of sunlight on a surface 
perpendicular to the sun’s rays. Coupled with the 35 C 
ambient, this should give a fairly severe design premise, 
but not unreasonably so. Actual thermal performance 
will depend upon the exterior finish of the pipe. There 
are not many details available on the thermal charac- 
teristics of specific paints. However, the results of an 
extensive study for electrical apparatus, particularly in 
relation to transformers, were published a number of 
years ago in the AIEE Transactions.* In this reference, 
a solar absorption factor of 0.75 and a low temperature 
radiation factor of 0.95 are given for gray transformer 
paint. The Standard Handbook for Electrical Engi- 
neerst also gives 0.95 for the emission factor for gray 
paint. Although the pipe eventually was painted black, 
the values for transformer gray have been used in the 
computations (the emission factor is used later, under 
“radiation’’). 

The above analysis leads to evaluation of the compo- 
nent of heat absorbed from the sun. The heat balance 
calculations are to be made on a per-foot-ol-pipe basis. 
The projected area of one toot of pipe is 0.552 square 
foot. The heat absorbed from the sun is, then 
H,=C, W,A 


» Watts per toot ot pipe 


where 
C, = coefficient of absorption of solar radiation 
W, = energy of sunlight in watts per square foot of surtace per- 


pendicular to rays 
i, = projected area of absorbing surface perpendicular: to sun’s 
rays, in square feet 


Substituting values just determined 


H, = 90.75 « 102.5 ~ 0.552 
= 42.4 watts per foot of pipe. 


CIRCUIT LOSSES 
THE GTHER HEAT CONTRIBUTION is the circuit losses. 


These are made up of simple resistance losses and dielec- 


Fesruary 1960 


_ 


Tripp—Thermal Factors Affecting Exposed Cable 


& Orree 


7 we ye a2 


WELD 


INSULATION 


14. 



































Fig. 1. Mounting details of the two pipes on the bridge. 


tric losses, plus additions for proximity and skin effect, 
losses in the shielding tapes and skid wires, and losses 
in the pipe. Their evaluation need not be detailed here 
as only their amount is of interest to the present prob- 
lem. The design loading for the cable was taken as 614 
amperes. Suffice it to say that the result, expressed per 
unit length of pipe is W, = 18.0 watts per foot of pipe. 


HEAT DISSIPATION 


THE OTHER SIDE of the heat balance deals with the 
heat dissipated by radiation and convection. There is 
no loss by simple conduction as the pipe is supported 
in spans of several feet. 

The heat dissipated will be formulated in terms of 
the surface temperature of the pipe. For convenience in 
working the equation, the temperature will be given in 
degrees Kelvin (= degrees C + 273). Equating the heat 
delivered and heat dissipated will yield a solution for 
the temperature of the pipe. 


RADIATION 


RADIATION IS TREATED in accordance with the regular 
Stefan-Boltzmann law. Adjusting the form of it given 
in the Standard Handbook’ gives 


H, = 14 K C, (T,* — T,*) A, watts 
where 


K = 3.68 « 10°" 


C, = coethcient ot radiation of the radiating surface 
7, = temperature of radiating surface, Kelvin 
T, == temperature of surroundings Kelvin 
A, = area of radiating surface in square feet 

As stated above, the value used for C, is 0.95. The 
area of one foot of pipe is x times the projected area 
stated above, or x 0.552 — 1.735 square feet. This 
neglects any blocking due to proximity of the other 
pipe. Substituting these values and recognizing that an 
ambient temperature of 35 C is 308 K, yields 
H,= 144 x 3.68 « 10" x 0.95 [T,* — (308)*] « 1.735 

= 8.74 « 10° T,* — 78.6 watts per foot of pipe. 


CONVECTION 


HEAT DISSIPATED BY CONVECTION is somewhat more 
complicated to evaluate, and, perhaps, more contro- 
versial. The Standard Handbook for Electrical Engi- 
neers® gives an equation in terms of the 1.25 power of 
the temperature differential. The recent paper by 
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House and Tuttle? gives some convection equations, one 
of them also involving the 1.25 power. Another equa- 
tion, of some vintage, and which has been used with a 
degree of success on somewhat similar problems, is de 
rived from a heating and ventilating book.® It gives 
terms in the first and second power of the temperature 
differential. Adapting it to the units used in this com- 
putation and assuming little breeze but not entirely 


stagnant air gives: 


§ 4+ 0.004167 (7 ( 7 


» a) a) A. watts 


where 


a term for the prevailing conditions, which reduces to a value 
of 1.02 

a term for the nature of the surface, which for painted pipe 
becomes 0.76 

Kelvin 


temperature of approaching air, Kelvin 


temperature of convecting surface 


area of convecting surface in square teet 
g 


Recognizing that T, is the ambient temperature and 
that A, 


is the same as A, 


above, we get 


H 0.527 [1.024-0.76+-0.00416 1.02 (T, 
= 0.003885 T, 0.766T, 


308)| (T,—308)>< 1.735 


133 watts per foot of pipe 


SOLUTION OF HEAT EQUATION 


WE NOW HAVE ALL COMPONENTs of the heat balance, 


and can equate the heat input to the heat dissipated, 


obtaining an equation for T, 


H, + WU H, + H, 
2.4 4 18.0—8.74 x 10° T,* — 78.6 + 0.003885 T,*? — 0.766 T, — 133 


of 4 4.44 x 10 TZ B77 x 10 T, — SI XK P= 0 


A root of this equation is readily found by graphical 


means at T, 329.3 K which corresponds to 56.3 C. 


INTERNAL TEMPERATURE GRADIENT 


[THE INTERNAL TEMPERATURE GRADIENT of the system 
may be calculated by recognized methods, not of espe- 


cial moment to the present subject matter. For the 


Fig. 2. Cable pipes in approximate position on bridge before installa- 
tion of individuval mounting brackets. 
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steady-state conditions of the case under consideration 
this has been evaluated at 17.2 C from pipe to con- 
ductor. This, being directly additive to the pipe tem- 
perature, gives a conductor operating temperature of 
73.5 C, 
point. Any correction for the difference between this 


a very close approximation to the 75 C design 


temperature and the value of 75 C assumed in determin- 
ing the circuit losses would be much less than the accu- 
racy of the solution. 


CONCLUSIONS 


THERE ARE A NUMBER Of interesting inferences which 
can be drawn from the results obtained. First of all, the 
analysis yields a value which is substantially the design 
point of the system. This may be a fortuitous instance 
attending the initial trial. However, it can be said that 
none of the values selected for use, such as coefficients 
or other factors or operating conditions, were adjusted 
in advance to yield the answer obtained. As to the equa- 
tions, the convection equation has been proven to a 
reasonable extent, as already mentioned, while the radi- 
ation equation is standard. The conclusion is that the 
analysis provides a reasonable basis for determining the 
external temperature gradient of the installation. 


EFFECT OF INDIVIDUAL COMPONENTS 


received from the sun is 
approximately 214 times the heat due to system losses 
may be with 


‘THE FACT THAT THE HEAT 
interest. One is 
prompted to inquire whether it is not the major factor 
in establishing the 21.3 C rise of the pipe above the 


viewed considerable 


35 C ambient. This cannot be judged by inspection 


from an equation which contains positive terms in the 
4th and 2nd power of T, and a negative term in the 
Ist power. To evaluate this situation, the equation was 
solved for each heat contribution alone. For solar radia- 
tion only, which would be the case of a de-energized 
circuit, the temperature rise was calculated to be 15.2 C. 
For no solar radiation, which would be the case of fully 
loaded operation of the circuit on a dull day, the tem- 
perature rise was calculated at 6.3 C. Their sum is 
21.5 C, substantially the value of 21.3 C determined 
for their combined effect. 

Thus, it may be concluded that in the range of tem- 
peratures involved and for the conditions of the prob- 
lem as set up, the temperature differentials due to sepa- 
rate components of heat are substantially directly addi- 
tive. Of further importance is the magnitude of the 
solar contribution, which for the case analyzed accounts 
for a temperature rise of the order of 15 C. Of course, 
we must recognize that the conditions assumed here are 
fairly severe, but it is necessary to assume severe condi- 
tions when analyzing design limits. To pursue this 
thought a little further, it is known that solar heat 
alone can raise surfaces to the “egg-frying” stage, if 
escape of the heat is sufficiently impeded. 


ALUMINUM PAINT 
ANOTHER ITEM OF INTEREST is the result obtained for 


the use of aluminum paint. In this case, the solar ab- 
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sorption factor and the radiation emissivity factor are 
the same, both being 0.55.3 Using this for C, and C, 
in the equation yields a pipe temperature of about 
55.7 C, hardly different from that obtained for the 
transformer gray paint case. Thus, it may be concluded 
that for the case assumed, substitution of aluminum 
paint as the exterior finish of the pipe will neither 
improve nor impair performance. 


GEOGRAPHICAL ORIENTATION 


IT MAY ALSO BE OF INTEREST to note that in the lati- 
tude of New York City, pipes running north and south 
might be expected to run cooler than pipes runing 
east and west, inasmuch as solar radiation is such a 
dominant factor. The noon height of the sun never can 
be greater than that at the time of summer solstice. A 
pipe running north and south always will be inclined 
to the noon sun’s rays by an angle corresponding to the 
difference between the latitude and the angle of ampli- 
tude of the sun’s position for the date. The influence 
of this effect is diminished by the fact that at some 
time during the forenoon and afternoon the sun will 
impinge perpendicularly on a north-south pipe. At 
these times, however, the rays will suffer greater at- 
mospheric absorption because of the lower altitude of 
the sun. For pipes in any other geographical orienta- 
tion, the effect for the noon position is a simple ellipti- 
cal function of the orientation. Thus, if a and b are the 
two diameters of an ellipse, such that a is the major 
diameter and b is the minor and is equal to a multiplied 
by the cosine of the angle between the zenith and the 
noon height of the sun, and @ is the angle of orienta- 
tion of the pipe measured from an east—west position, 
then the solar radiation intensity will compare with that 
for the east-west orientation by the same ratio that the 
polar diameter of the ellipse for that orientation bears 
to the major diameter, which is 


aa 


Va? sin? 6 +-b2 cos? 6 


This effect is discussed in the paper on ACSR by House 
and Tuttle. 
PROTECTION FROM SUN 

ONE OF THE CIRCUMSTANCES which makes an installa- 
tion of this kind different from an ordinary conductor 
problem is the dominant importance of heat from the 
sun. This is due largely to the large diameter of the en- 
closing pipe. The thermal barrier of the gas atmosphere 
inside the pipe tends to increase its importance by de- 
creasing the margin available for temperature gradient 
within the cable. There may be cases where it might 
pay to provide a sun shield, arranged so as not to inter- 
fere with convection cooling. To be most effective, a sun 
shield should absorb as little heat as possible from the 
sun, should transmit a minimum through to the side 
facing the pipe, and should run as cool as possible. It 
will enter the heat balance as a source of radiation. In 


Fesruary 1960 


Tripp—Thermal Factors Affecting Exposed Cable 


Fig. 3. View of cable rig on bridge showing the three conductors ready 
for pulling. The pipe shown is the lead-in pipe, not the cable pipe. 


the case of nearby pipes, reflection from one sun shield 
falling on the other pipe should be guarded against. 
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Thermal Wire 


Winter shoppers at the Eastwood Shopping Center, 


near Pittsburgh, Pa., will be protected from the hazards 
of icy sidewalks by vinyl-insulated heating wires in- 
stalled just below the surface of the walks. 

Insulated with rugged Geon 8800, a product of B. F. 
Goodrich Chemical Co., to provide protection from 
abrasion and corrosion, the heating wire will make 
sidewa:k “salting” a thing of the past. 

Called Chromalox Thermwire by the manufacturer, 
the Edwin L. Wiegand Co., Pittsburgh, Pa., the heating 
units are also designed to be used on roofs to prevent 
the formation of ice dams. The low cost and ease of 
installation makes it adaptable for use in business, 
industrial, or residentia! installations. 

At Eastwood, circuit “loops” 190 feet in length were 
used. This heating wire was taped to ordinary reinforc- 
ing wire to prevent its displacement when the top layer 
of concrete was poured over it. The reinforcing wire was 
then placed on the sidewalk’s sublayer where a 34-inch 
concrete top layer was poured over it. 
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SSB/ISB Systems for 
Long-Distance Radiotelegraphy 


WALTER LYONS 


High-power single side band and independent 
side band transmitters together with their tech- 
niques augur the greatest growth possibilities 
since the inception of radiotelegraphy. This type 
of transmission will enable the industry to in- 
crease traffic at the same time that frequency 
occupancy is reduced. These are prime necessi- 
ties with the upcoming low in the sunspot cycle. 


INGLE SIDE BAND (ssb) and independent side 
band (isb) radiotelegraph systems allow for a 
high degree of frequency division multiplexing as 

contrasted to the requirement for time division multi- 
plexing in the usual frequency-shift keyed carrier sys- 
tems. This advantage is the principal justification for 
its use, especially for those circuits requiring high-speed 
trafhe handling capacities. 

For the transmission of bit elements smaller than 10 
milliseconds, the multipath delay distortion may be 
high to a degree that is intolerable for a commercial 
circuit. To reduce this distortion, it is required that the 
keyed pulse be “squared up,” in other words, attain 
keying harmonics. ‘This in effect forces the employment 
of large bandwidths of emission and reception. Thus, 
frequency conservation is defeated and power is wasted. 

For smaller bit lengths, say under 5 milliseconds, it 
may be impossible to improve reception by the method 
of adding harmonics to the keying pulse. For this rea- 
son, it has been proposed to change the code arrange- 
ment from sequential bit information to simultaneous 
frequency-separated bits, 

Simultaneous code presentation has the additional 
advantage in error-correcting equipment, where changes 
in code are usual, to reduce the amount and cost of 
equipment, 

In the application of ssb for multichannel transmis- 
sion, it is important to limit the peaks of modulation 
because of limited power available at this time from 
linear amplifiers. If the individual tone channels are 
keyed in an “on-off” manner, phase-locking these tones 
is sufficient to assure a small peak to average amplitude 
Essentially tull text of paper 59-1091, “Considerations in SSB/ISB Sys- 
tems for Long Distance Radiotelegraph Communications,’” recommended 
by the AIEE Radio Communication Systems Committee and approved 
by the AIEE Technical Operations Department for presentation at the 
AIEE Fall General Meeting, Chicago, Il., Oct. 11-16, 1959. Published in 
AIEE Communication and Electronics, Jan. 1960, pp. 921-24. 

Walter Lyons is with RCA Communications, Inc., New York, N. Y. 


The author is indebted to J. C. Hepburn, A. B. Bodonyi, D. S. Rau 
E. D. Becken, and H. O. Peterson for their aid in the preparation of 
this article; and to the Tele-Signal Corp. for their co-operation in fur- 
nishing the photographs, Figs. 3 and 4. 


146 


Lyons—SSB/ISB Systems 


ratio. For frequency-shifted tone channels, other means 
such as compatible ssb may be employed. On the other 
hand, and for greater simplicity, increasing the number 
of these channels will reduce the time duration of high 
amplitude peaks and render them negligible. 

Inasmuch as tone channeling on ssb transmission can 
be very accurately controlled and spaced because of 
the low audio frequencies used, frequency shifting at 
optimum values can be employed to obtain the highest 
effective power in the transmission bandwidth. In this 
way, over 40 teleprinter channels can be accommodated 
in a voice band at transmitter power levels well within 
present linear amplifier techniques. 

Recent developments in transistorization and semi- 
conductor devices greatly reduce heat dissipation, size, 
and weight of a great part of the ssb receiver, which 
is hardly possible under the older types. Due to these 
newer tools, maintenance is greatly reduced. The net 
result is the ability to expand operational circuits 
without the usual requirements for increase in person- 
nel, building space, and real estate. 


INTRODUCTION 


THE APPLICATION of ssb techniques to point-to-point 
long-distance radiotelegraph communication circuits 
promises the greatest growth possibilities in this field 
since its inception, However, in order to realize the 
benefits to be derived, every advantage offered by ssb 
must be thoroughly exploited, and all devices which 
can reduce its shortcomings should be employed. 

The advantages accruing to ssb working for point- 
to-point circuits at high frequency, as compared to 
ordinary carrier frequency shift (FSK) reside in econ- 
omy in equipment and antennas, greater simplicity in 
operation, spectrum conservation, and power gain. The 
practical realization of economies in equipment de- 
pends upon adequate telegraph circuit trafic loading 
to justify the initial investment and change from the 
older FSK gear. Transmitted frequency spectrum com- 
pression and power gain go hand in hand and are the 
peculiar attributes of ssb, due to its inherent frequency 
stability because of carrier reference at audio frequen- 
cies. This is because the frequency-shifted channels 
being referred to the carrier are low audio frequencies, 
and problems in maintaining small shifts and accurate 
centers are far easier than at carrier shift frequencies. 


SYSTEM SPECIFICATION 


BEFORE FURTHER CONSIDERATIONS, it is appropriate to 
set forth the basic requirements for a commercial point- 
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to-point long-distance radiotelegraph circuit. They are 
that the circuit operate at least 95% of the time for 
24 hours daily throughout the sunspot cycle, and that 
the error rate during operation of the path be less than 
0.01%. To assure this performance, it has been deter 
mined empirically that about 5-kw input to a 13-db 
rhombic should be provided for each kilocycle emission 
bandwidth, assuming two and occasionally three fre 


quency changes per day. This does not apply to circuits 
whose great circle paths go through the high absorp- 
tion auroral zones. 


IMPLEMENTATION 


PRESENT PRACTICE in loading a 3-kc side band of an 
ssb transmitter with three time-division 4-channel mul- 
tiplex aggregates thus will require 15-kw average power 
and 90-kw instantaneous peak envelope power. For a 
fixed bandwidth per tone channel the average radiated 
power required increases directly as the number of 
subcarriers, the peak power rising as the square. Clearly, 
means for limiting peak power are indicated in order 
that economic considerations do not decide against ssb 
working for this degree of traffic loading. Conventional 
means for limiting the peak r-f power, however, will 
result in an increase in spurious signal level with at- 
tendant signal degradation. There are two ways to rem- 
edy this situation. One would be to limit the modula- 
tion peaks, which requires, for minimum spurious out- 
put, a compatible ssb generator because the r-f envelope 
is a replica of the modulation input. The other way is 
to increase the number of input tone channels so that 
the duration of each peak is reduced to about 10% of 
a signal element. Assuming 10 millisecond signal ele- 
ments, | millisecond peak duration is tolerable and in- 
dicates a minimum requirement for approximately six 
tone channels. The assumption is that all channels are 
not resting on fixed tones and channeling tones are 120 
cps or more apart, This is a fortunate circumstance, 
since multipath delay distortion effects are not excessive 
when using a bit of at least 10 milliseconds. If the three 
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Fig. 2. Multitone levels for various clipping periods. 


t-channel multiplex aggregates are split up into six 
diplex (2-channel) channels (12-teleprinter capacity), 
peak power will quadruple but chances are that the 
duration of any one peak will be short enough nearly 
to be negligible. The curves for various phasing condi- 
tions in Fig. | show that for 120-cps separation, clip- 
ping or limiting by the transmitter above the nominal 
peak level 4, the duration is 1.23 milliseconds. The value 
decreases as the tone separation increases. Fig. 2 pre- 
sents the arguments for peak clipping of a large num- 
ber of tone channels. The equivalent power gain due 
to clipping increases markedly with the number of tone 
channels. The percentage time of clipping is a measure 
of the degree of spurious radiation or distortion. For 
the 5%, and smaller curves, no single peak duration ex- 
ceeds | millisecond for most unfavorable tone phasing. 
For many subchannels, each being frequency-shift 
keyed, the instantaneous envelope amplitude approaches 
the probability density of a Rayleigh distribution. The 
expected distortion therefore will be considerably less 
than the curves indicate." 

A reduction in emission bandwith and consequent 
increase in effective power is now feasible, since at the 
reduced keying speed the transmitted pulse need not be 
trapezoidal for protection against multipath delay dis- 
tortion. The transmission of a sine-wave-shaped signal 
element will serve to reduce interchannel cross-talk, al- 
lowing the use of filters having smooth cutoff charac- 
teristics with inherently low phase distortion. In this 
manner, a system may be devised to provide as many 
as 23 subcarrier frequency-shifted channels, each oper- 
ated at diplex speed, accommodating 46 60-wpm tele- 
printers in a single ssb voice channel. Required parame- 
ters modulation 0.8 and 
channel separation of 120 cps, starting at 300 cps and 
extending to 2,940 cps. A short-term traffic test of a 
portion of such system, as compared to the usual 4- 
channel multiplex (quad) channeling at 340-cps shift 
and 680-cps channel separation, has shown marked im- 
provement in error rate. For the comparison, four di- 


are a index of subcarrier 


plexed channels and two quad channels were operated 
on an ssb voice channel. If now our interest is a circuit 
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with requirements for only twelve teleprinters, our total 
bandwidth from carrier need only be about 900 cps and 


our side-band power output roughly a quarter of the 
power required for full occupancy of the voice band. 
Ihis is a power level which may be served adequately 
by linear amplifiers. In addition, heavily loaded circuits 
and those carrying services such as phone or facsimile 
might consider using “envelope elimination and _resto- 
ration” ssb transmitters that are not limited in power 
lor reasonable levels of spurious radiation.” 
Frequency-shift keying has been plagued by multi- 
path delay distortion to such extent that FSK exciters 
were built with switches to change transmission to “‘on- 
off” keying. It was possible to overcome the elongation 
of the “mark” signal by reducing keying weight on 
that 


misconception, due probably to frequency modulation 


transmission. It is an unfortunate circumstance 
broadcasting techniques, put the point-to-point radio 
communications systems on a wide shift basis, Perhaps 
also, in an attempt to overcome selective fading effects, 
the superimposed 200-cps phase modulation dictated 
the 850-cps shift even for solo channels. 

There is considerable evidence on long-haul circuits 
to support the thesis that a reduction in shift reduces 
jitter. It may be that selective fading is reduced to such 
an extent that multipath delay tends to act equally on 
both “mark” and “space’’ frequencies. This should fa- 
cilitate the reduction of disiortion in the final signal by 
simple adjustment of the phase of inspection of the 
signal element, approaching in this manner an unbiased 
(equally biased) signal. Thus, the reduction in shift con- 
forms to the characteristics of the keying mode—polar 
and unbiased, with attendant advantages in error re- 
duction. 

It is recognized that, in receiving signals with con- 
siderable multipath delay, wider filters will reduce the 
resultant jitter, but the reduction in frequency shift 
below 100 cps, serving to equalize the delay of both 
“mark” and “space” signals, allows for inspection closet 
to the trailing edge of the first received element, at the 
center of the unmutilated resulting bit. Including the 
increase in power attending the reduction in keying 
speed permitting sine-wave keying, the case for an FSK 
modulation index below unity is summarized. 


Fig. 3. Transmitter FSK 
subchanneling. 
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Ssb working can enable terminal equipment simpli- 
fication by the facility for trading frequency division 
for time division multiplexing. Most error-correcting 
(ARQ) systems used in point-to-point radio communi- 
cations at present employ the 7-unit Moore Code for 
error detection, This code invariably denotes a charac- 
ter by three mark and four space elements. Any devia- 
tion from this ratio is an error, calling for repetition 
by the sender. Most land-line traffic uses the 5-unit 
start-stop code, requiring, therefore, a code conversion 
device for operating into radio circuits protected by 
ARQ. For this purpose, it is required that information 
for each conversion be changed from serial code to si- 
multaneous presentation of the code elements. By using 
separate tones each to denote an element of the sequen- 
tial code, each such tone being keyed simultaneously 
for mark or space, simultaneous code presentation is 
effected very simply, resulting in equipment reduction 
and signal element elongation, if desired, without sacri- 
ficing trafic handling speed.‘ 

Data handling other than regular message trafhc 
should become, very soon, a major service on long-haul 
circuits. Accommodation of codes peculiar to specific 
data-handling systems can mean little more complica- 
tion than adding additional tone channels for simulta- 
neous keying. There is one pitfall, however, that must 
be avoided and which may be overlooked easily. ‘The 
time delay in most filters and transfer lines varies with 
frequency, Steps must be taken, therefore, to assure 
equal delay for all the filters in a simultaneous code 
group, as well as the transfer line, over the frequency 
range of the group. This is an additional item of ex- 
pense which must be included in an economic analysis 
of the two code types. Moreover, the need for equip- 
ment reliability in each of these tone chanels is far 
greater than in the equivalent for sequential keying. 

The versatility in point-to-point services of isb work- 
ing is a great economic argument for this mode, Assum- 
ing sufficient power, phone, facsimile, and many tele- 
graph channels may be operated at the same time. These 
services may be handled at minimum bandwith occu- 
pancy, and should simplify frequency allocation by 
block assignment, For this type of operation, spurious 
signal radiation should be kept as low as is practicable, 
not alone to reduce interference out of band, but self- 
interference in band, to which facsimile is especially 
vulnerable. For this purpose, spurious signals should be 
down 30 db or more as measured by the standard 2- 
tone test. 

Multiservice operation naturally is accompanied by 
equipment complication, Especially is this so when 
using diversity reception techniques. The situation 
breeds, in the designer, a desire to simplify—sometimes 
at the sacrifice of performance. This tendency is under- 
standable, especially in view of pressure from those 
who have the responsibility for maintaining the equip- 
ment. One design example reduced the problem by di- 
vorcing the receiver from the so-called terminal gear 
(low-frequency equipment), installing the audio-fre- 
quency components in the central office. For large com- 
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mercial carriers, this has two shortcomings, one the ex 
pense of doubling control-line facilities for diversity 
reception, and the second putting an electronic main- 
tenance load on an organization having little electronic 
experience. Diversity at the central office requires that 
the transfer lines have a very large dynamic range, 
otherwise fading signals drop into the noise level, suf- 
fering serious degradation. 

Fortunately, recent developments in transistorization 
and semiconductor devices allow the possibility of very 
greatly reducing heat dissipation, size, and weight of 
receiver units, terminal equipment, and some transmit- 
ting units, at the same time effecting considerable 
circuit simplification. The net result is the ability to 
expand operational circuits without the usual require- 
ment for expansion in personnel, building space, and 
real estate. Under such circumstances, it is questionable 
whether it is economical to consider automation in the 
form of direct control from the central office. [t appears 
that a minimum personnel requirement at radio sta- 
tions for maintenance and signal analysis can perform 
operating tasks as required without intruding on pri- 
mary responsibilities. Extreme caution is indicated be- 
fore application of servos and other schemes for auto- 
mation lest we design in a requirement for greater 
human effort in maintenance and service. 

Economy in space due to transistorization of trans- 
mitter channeling equipment is illustrated in Fig. 3 
which shows a portion of an equipment rack. This is 
an assembly of 32 frequency-shift tone keyers (transmit- 
ters) and 32 tone-signal converters (signal demodu- 
lators), making a complete terminal facility for $2 FSK 
subchannels on ssb/isb transmission. 

Fig. 4 is a complete assembly for tone-channel di- 
versity reception, including a tone keyer for transmit- 
ting the received signal to the central office. The four 
separate units comprise two subchannel receivers and 
the diversity comparator between them, with the tone 
keyer on the extreme right. 








Fig. 4. 


FSK subchannel diversity receiver and tone transmitter. 


CONCLUSIONS 


WITH THE UPCOMING LOw in the sunspot cycle, fre- 
quency conservation will be a prime necessity. The 
availability of high-power ssb/isb transmitters, together 
with techniques outlined in the foregoing, enables the 
industry to increase traffic at the same time that fre- 
quency occupancy is reduced. Justification for changing 
over to ssb/isb might be the establishment of overseas 
trunk circuits or forked operation to points close to the 
same azimuth. 

The additional complications introduced require 
greater co-operation between correspondents than here- 
tofore in operating simple carrier FSK. The establish- 
ment of standards should help, and efforts in this direc- 
tion should be made soon to cope with what is expected 
in propagation within the next few years and beyond. 


REFERENCES 


1. Compatible Single Side Band in HF Communications, K. B. Boothe 
Aviation Age, New York, N. Y., Sept., Oct. 1957. 


2. Comparison of Linear SSB Transmitters with Envelope Elimination 
and Restoration SSB Transmitters, L. R. Kahn. Proceedings, Institute 
of Radio Engineers, New York, N. Y., vol, 44, no. 12, Dec. 1956 


Frequency Shift Keyed Circuits, 
J.. Jume 1954. 


3. Design Considerations for 


Lyons. RCA Review, Princeton, N 


4. U. S. Patent no. 2,183,147. 


Walter 





Gas Turbines 


Clark Bros, Co., one of the Dresser Industries, reports 
that the fast growing acceptance of its Model 302 and 
305 gas turbines are keeping production moving at a 
brisk pace. 

Shown are several 8,700 and 9,300 bhp (brake horse- 
power) units on the Clark assembly floor in Olean, N. Y. 
Five of these dual-shaft turbines will be used by Shell 
Co. of Venezuela, Ltd. for its new gas-injection project 
on Lake Maracaibo, Venezuela, S. A. The units will be 
mounted on a platform over the water and will drive 
five Clark multistage centrifugal compressors. The 
entire plant is designed to handle approximately 190 
million cubic feet of natural gas per day. 
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Attention AITEE Members 


Why Read 


The Advertising ? 


READING the advertising is an up-to 
date postgraduate course in many 
branches of the electrical industry. Ad 
vertising tells you who makes what, where, 
and why. New and improved principles of 
design are illustrated, and the attendant 
ulvantages explained. Product applica 
tions are described which may suggest 
other possible applications toward the 
solution of difficult: problems. Finally, in 
some cases, the employment opportunities 
advertised may pave the way toward more 
gainful employment in accordance with 
your desires, inherent ability, and apti 
tude 


New Materials and Designs 


As soon as new materials come out of 
the laboratories, their electrical, chemical, 
mechanical, and thermal properties are 


Why Answer 


announced. These new materials are in- 
corporated into designed apparatus and 
the attendant advantages such as im 
proved quality, reliability, more compact- 
ness, higher efficiency and longer life, as 
well as new principles of design and 
methods of fabrication are explained. 
Whether it be a component, a diode, or a 
power tube, resistor or capacitor, the unit 
substation, o1 power apparatus, ranges of 
ratings and circuit characteristics are 
given in the advertisements often with 
references to additional literature for 
those who wish to study the products in 


greater depth 


Product Applications 


Specific control, computer, and appara- 
tus applications are described leading to 
automation in industry. Reading the ad 


The Membership Survey? 


DURING December, you were sent a 
membership survey with a threefold pur 
pose: first, to obtain your correct name, 
address, and business affiliation for listing 
in the Membership Directory; second, to 
determine your business and industry 
classification, and occupation or function; 
third, to know your major and minor tech 
nical interests. If you have not already 
filled in and mailed your survey card, 


doing so may be well worthwhile 


Membership Directory 


The correct listing of your name, ad 
dress, and present business affiliation as 
well as whether or not you are a regis 
tered professional engineer is essential for 
a correct listing in the new Membership 
Directory. 


Classification 


To know your business and industry 


120 


classification as well as occupation and 
function is essential to comply with the 
requirements of the Audit Bureau of 
Circulations (ABC). The .nine business 
and industry classifications and = seven 
occupation and functional classifications 
may not entirely meet all the situations 
of 54,000 members; nevertheless, it will be 
most helpful if you will list the classifica 
tion which comes closest to your occupa- 
tion and function. These classifications 
are not of our own choosing but must be 
on the same basis as those of competing 
publications under the requirements of 
ABC. The Audit Bureau of Circulations 
certifies to advertisers twice a year as to 
how many copies were paid for and to 
whom and where they go. A 100% return 
to this question will help bring to you 
more advertising along the lines of your 
interests and at the same time, enhance 
our income so that the publications may 
be of greater service to the members at 
the lowest possible cost. 
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vertising can bring a_ trained electrical 
engineer to your door who may be help- 
ful in solving baffling system design and 
operating problems. 

Industrial advertising is prepared by 
trained experts who devote many hours 
to illustrating and describing new _ prod- 
ucts in the clearest concisest form  possi- 
ble. The annual volume of advertising in 
business papers in 1959 has been estima- 
ted to be $555 million.' Some engineers 
are paid to read industrial ads* for the 
busy executive, the design, development, 
or applications engineer. 

Read the advertising! Keep your post- 
graduate course up-to-date in the fastest 
manner possible. When making an inquiry, 
refer to Electrical Engineering. 


1. Printer’s Ink, November 6, 1959. 
2. Based on a study, “Advertising to Indus- 
try,” conducted by Tide in 1957-58. 


Additional Services 


In the last question, 50 different spe- 
cialized areas of technical interests are 
shown. The indication of your major and 
minor interests will assure the receipt of 
announcements of special technical con- 
ferences in those areas of interest. To 
determine completely the specialized areas 
of interest of every member will also be 
helpful in several statistical studies toward 
long-range planning which will best serve 
your interests in the future. Response to 
this question in no way involves appoint- 
ment to a committee or actual committee 
work. 

If you have not already returned your 
membership survey card completely filled 
in for all classifications coinciding as 
closely as possible with your business and 
occupational functions, please take a few 
minutes to do so as promptly as possible. 


The Editor 
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AIEE Prize Awards Announced 


for Presentation at Winter Meeting 


RECOMMENDATIONS for seven Division 
Prize Awards were approved by the AIEE 
Prize Awards Committee at its meeting 
on December 1, 1959. Two Student Prizes 
also were awarded, in addition to a prize 
award in the classification known as Gen- 
eral Committees and Articles in Electrical 
Engineering. 

These Prize Awards will be presented 
February 1, 1960, at the General Session 
of the 1960 Winter General Meeting at 
Hotel Statler, New York, N. Y. The pre- 


sentations will be made by AIEE Presi- 


dent J. H. Foote, assisted by W. R. Har 

ris, Prize Awards Committee chairman 
Division recommendations for Prize 

Paper Awards approved by the Prize 


Awards Committee are as follows: 


Instrumentation Division 


Ist—Taut Band Suspensions for 250 De- 


gree Instruments (Paper 59-159) 
V. S. Thomander (Member AIEE) 
and R. C. MacIndoe (Member AIEE), 


Westinghouse Electric Corporation. 
In recognition of a very 
solution to the problems of designing 


ingenious 


for mass production a new concept in 
instruments which eliminates bearing 
friction, 
order of 


increases sensitivity by one 
achieves 
practical immunity to vibration and 
shock. The first taut band suspension 


magnitude, and 


or 


adaptation to 250-degree scale instru 
ments. 


2nd—The Inductronic Electrodynamome- 
ter for the Precise Measurement of 
Voltage, Current, Power, and Energy 
(Paper 59-165). R. F. Estoppey (Mem- 
ber AIEE), Weston Instruments. 

In recognition of a useful and 
clever adaptation of a principle that 
has been known for some time, with 
skillful and rather patient debugging 
to achieve performance of the Labo 
ratory Standard Class. 


Communication Division 


No papers recommended. 


Power Division 


Ist—Radio Noise Propagation and Atten- 
uation Bonneville Power 
Administration, McNary-Ross 345-Kv 
Line (Paper 59-49). G. E. Adams 
(Associate Member AIEE), 7. W. Liao 


Tests on 


(Member AIEE), M. G. Poland 
(Member AIEE), and F. J. Trebly 
(Member AIEE). 


This paper presents valuable test 
data concerning radio influence char- 
acteristics of extra-high-voltage trans- 
mission lines necessary to check 
theory for use in calculating the per- 
formance of such construction. 


Industry Division 


Ist—A Study of Nonlinear Systems with 
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Random Inputs. Kuei Chuang (Mem- 
ber IRE) and L. F. Kazda (Member 
AIEE). 

This paper provides an elegant so 
lution in closed form to a particular 
class of nonlinear control problems, 
and justifies certain assumptions here- 
tofore made in the approximate solu 
tions of these problems 


General Applications Division 


Ist—Solar-Powered Thermoelectric Gen- 
erator Design Considerations (Paper 
59-847). N. F. Schuh (Member AIEE), 


Westinghouse Electric Corporation, 
and R. J. Tallent (Associate Membe1 
AIEE), Boeing Airplane Company 
This paper concerns a subject ot 
great current interest, the generation 
power in without 
fuel Authors Tallent 
make an orderly presentation of the 
problems and calculations involved in 
designing a 
electric 


of electric space 


Schuh and 


solar-powered thermo- 


generator. [he exposition is 
completed by the design calculations 
for a working model. The paper 
should stimulate additional work in 


this field. 





Wear Your 
} 
AIEE Badge 











Science and Electronics Division 


Ist—Ihe Stability and Compensation of 


Saturating Sampled Data Systems 
(Paper 59-52). F. J. Mullin (Associ 
ate Member AIEE) 


The paper analyzes the stability of 
feedback 
saturating 


sampled-data 
taining a 
establishes a necessary condition for 


systems con 
element, and 


stability of such systems; it also de 
velops a procedure for design tools in 
this art; the material is well organized 
and clearly presented in elementary 
terms. 
2nd—Shunt-Coupled 


Magnetic Amplifier 





Philadelphia Section Committee 
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Photo-Arts 


GENERAL COMMITTEE of the Philadelphia Section for the 1960 AIEE Summer General Meeting 
at Atlantic City, N. J., June 19-24, 1960, comprises the following: (top row, left to right) C. H. 
Rice, R. L. Halberstadt, R. C. R. Schulze, Section Chairman R. S. Hewett, T. M. Metz, R. T. Fer- 
ris, G. B. Schleicher, and W. P. Wills; (bottom row, left to right)—R. G. Lex, B. H. Zacherle, H. H. 
Sheppard, Committee Chairman $. R. Warren, Mrs. C. T. Pearce, W. R. Clark, and E. M. Cal- 
lender. Members of the committee who were not present for the picture are: D. B. Smith, T. H. 
Story, A. E. Pringle ll, C. $. Collier, D. L. Greene, and C. S. Dayton. 
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Circuits (Paper 59-635). R. M. Hub- 
bard (Associate Member ATEE) 
Chis paper deals with novel circuit 


irrangements and represents a definite 


contribution to the magnetic amplifier 
field. The author clearly states the 
purposes and advantages of these cit 
cuits, shows good physical reasoning 
in explaining their operation, and 
presents a number of typical exam 
ples which illustrate these concepts 
\ brief but complete analysis is also 
given. Finally, the paper exhibits 
good literary style in keeping with 
the high professional standards of 


the AIEI 


Student Prizes were awarded for the 


following two papers 


Ist—A ‘Telemetering System tor Measuring 


Stomach Pressure in Animals. R. Alling 


for 


2nd \ Narrow Band Peak 
Speech Amplifier. R. Sommer 


Clipping 


In the prize award classification known 
as General Committees and Articles in 
Electric Engineering this prive was 


awarded to the following 


*Two Examples of Industrial Research 
in France Relating to the Transmission 
of Electrical Energy. Fo M 
R. A. Tellier 


Cohen and 


*This paper appeared in Electrical Engineer 
ing in two parts. Part I, entitled ‘Research 
in France which Established 380/420-Ky A-( 
System,” was published in the April 1959 
issue, page $20. Part Il, “Submarine D-C 
Cable Interconnection between Great Britain 
and France,’ was published in the June 1959 
issue, P. 664 


THIS CONTROL PANEL for a magnetic amplifier speed regulator was produced by the Allis- 
Chalmers Manufacturing Company. The company plant will be inspected during the Great 
Lakes District Meeting in Milwaukee, Wis., in April. 


Controls To Be Subject 
of Great Lakes District Meeting 


“Controls—Pearl Street to Cape Canav- 
eral” will be the theme of the Great 
Lakes District Meeting in Milwaukee, 
Wis., on April 27-29, 1960. Co-ordinated 
with the technical papers will be plant in 
spection trips to the Allis-Chalmers Manu- 


Ross Photo 


ABOUT NUCLEAR WAR: Dr. Herman Kahn (right) and Robert Panero (left) discuss their talk, 
“Nuclear Weapons and National Defense,"’ with W. G. Vieth (second from left), chairman of 
the New York Section, AIEE, and R. S. Skinner, chairman of the Section’s Communications Di- 
vision, just prior to the joint Section-Division Meeting. 
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facturing Company, Square “D” Com- 
pany, Line Material Company, Wisconsin 
Electric Power Company, and A-C Spark 
Plug Company. The technical papers and 
trips will convey in words and actual ob- 
servations the control engineering in- 
fluence in industry, utilities, communica- 
tions, missiles, domestic appliances and 
machine tools, and also in rotating ma 
chinery. 


Joint New York Meeting 
Hears Talk on Nuclear Weapons 


The Joint New York Section—Commu- 
nication Division Meeting, held December 
9, 1959, in the Western Union Audito- 
rium, New York, N. Y., was addressed by 
Dr. Herman Kahn and Robert Panero 
on the topic, “Nuclear Weapons and Na- 
tional Defense.’ 

Dr. Kahn—physicist, mathematician, 
economist, and author of a book on nu 
clear security, was the senior member of 
a team at Rand Corporation, New York, 
which looked into thermonuclear war 
and civil defense. Mr. Panero of Guy B. 
Panero Engineers, New York, served as 
consultant to the Rand team. Points cov- 
ered by the two men in their presentation 
at the meeting included: the effects of 
nuclear testing on present and future gen- 
erations, the effects of nuclear weapons 
of various power capacity, the effects of 
nuclear war on the country’s food supply, 
military defense against a nuclear war, 
measures to avoid the possibilities of a 
nuclear war, and civil defense against a 
nuclear war. 

Nine newly inaugurated Fellows of 
AIEE were introduced at the get-together 
which also included other activities of the 
annual New York Section Meeting. 

Recognition was made of the AIEE 
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Winter General Meeting* 
Hotel Statler 

New York, N. Y. 

January 31-February 5, 1960 


AIEE-IRE-U of P Solid State Cir- 
cuits Conference* 

University of Pennsyivania 
Philadelphia. Pa 

February 10-12, 1960 


Engineering Aspects of Magneto 
hydrodynamics Conference* 
University ot Pennsvivania 
Philadelphia, Pa 

February 18-19. 1960 


AIEE-IRE-AEC-NBS Scintillation 
Counter Conference* 

Shoreham Hotel 

Washington. D C 

February 25-26. 1960 


AITEE-ASME-I I of T American 
Power Conference* 

Sherman Hotel 

Chicago, Ill. 

March 30-April 1, 1960 


EJC Nuclear Congress 
New York Coliseun. 
New York, N. Y. 

April 3-8, 1960 


Southwest District Meeting* 
Shamrock-Hilton Hotel 
Houston, Texas 

April 4-6, 1960 


Electrical Engineering in Space 
Technology Conference 

Hotel Baker 

Wallas, Texas 

April 11-13, 1960 

(Final date for *TP—closed,  ~CP 
Syn.—closed, CPMs—Feb. 8) 


Materials Handling Conference 
Sheraton Hotel 

Philadelphia, Pa. 

April 12-13, 1960 

(Final date for +TP—closed, ~CP 
Syn.—clesed, CPMs—February 8) 


East Central and 

Allegheny-Ohio Valley District 
Meeting 

Damei Boone Hotel 

Charleston. W Va 

April 12-14, 1960 

(Final date tor +T7P—closed, DPMs 
—Feb. 5) 


AIEE-ASME Railroad Conterence 
Penn-Sheraton Hotel 

Pittsburgh, Pa 

April 20-21, 1960 

(Final date for +TP—closed, tCP 
Syn.—Feb. 5, CPMs—Feb 15) 


AIEE Future Meetings 


AIEE-ASME-IRE Automatic Tech- 
niques Conference 
Sheraton-Cleveland Hotel 
Cleveland, Ohio 

April 18-20. 1960 

(Final date for +TP—closed, tCP 
Syn —Feb. 2, CPMs—Feb. 12) 


Pape: and Pulp Conterence 
University of Florida 
Gainesville, Fla. 

April 21-22. 1960 

(Final date for +TP—closed, 
Syn.—Feb 5. CPMs—Feb 16 


rcP 


. 


Rubber and Plastics Conterence 
Sheraton-Mayflower Hotel 

Akron, Ohio 

April 25-26. 1960 

(Final date for +*TP—closed, ~CP 
wwn.--keb 10. CPMs—Feb 19 


Great Lakes Distrint Meeting 
Plister Hotel 

Milwaukee Wis 

April 27-29, 1960 

(Final date for +T7P—closed, DPMs 
—Feb 22) 


North Eastern District Meeting 
Sheraton Biltmore Hotel 
Providence, R.1. 

May 24 1960 

(Final date for +17P—teb. 2, DPMs 
—Feb 26) 


AIEE-IRE-ACM Western jomut Com- 
puter Conterence 

Jack Tar Hotel 

San Francisco Calit 

May 3-5, 1960 

(Final date for Initial Dratts—closed, 
Final Drafts—March 1) 


AIEE-IRE-U of V Educational 
Frontiers in Biomedical Engineer- 
ing Conference 

University of Vermont 

Burlington, Vt. 

May 5-6, 1960 

(Final date for TP—Feb. 5, tCP 
Syn.—Feb. 19, CPMs—March 1) 


Spring Textile Conterence 

Georgia Tech 

Atlanta. Ga 

May 5-6, 1960 

(Final date for +TP—Feb 5, 3CP 
Syn.—Feb 19. CPMs—March 1) 


AIEE-IRE-EIA-WCEMA Electronic 
Components Conference 
Washington. D C 

May 1012 1960 

(Final date tor tT P—teb. lv, tCP 
Svn —Feb 26. CPMs—March 7) 


Farm Electrification Conterence 
Sheraton-Fontenell Hotel 

Omaha, Nebr 

May 10-12 1960 

(Final date for +TP—Feb. 10, tCP 
Syn.—Feb. 26, CPMs—March 7) 


Annual Cement Industry Technical 
Conterence 

Pfister Hote) 

Milwaukee. Wis 

May 17-19, 1960 

(Final date for +TP—Feb. 17, ~CP 
Syn.—March 4, CPMs—March 14) 


AIEE-ISA-ARS-IAS National Tele- 
metering Conference 

Marimar Hotel 

Santa Monica, Calit 

May 23-26, 1960 

(Final date for tTP—Feb. 23, {CP 
Syn.—March 9, CPMs—March 18} 


Summer General Meeting 
Challont-Haddon Hall 

Atlantic City. N | 

June 19-24, 1960 

(Final date for +T™P—March 21, tCP 
Syn.—March 31, CPMs—April 15) 


Pacifx. General Meeting 

El Cortes Hotel 

San Diego, Calit 

August 8-12. 1960 

Final date tor +TP—May 10, tCP 
Syn —May 20 CPMs—|une 3) 


Aero-Space Transportation Conter 
ence 

El] Cortes Hote 

San Diego, Calit 

August 8-12, 1960 

(Final date for tTP—May 10, {CP 
Syn —May 20, CPMs—June 3) 


AIEE-ASME Engincermg Manage 
ment Conference 

Morrison Hotel 

Chicago, Il 

September 14-16, 1960 

(Final date tor tTP—jJune 16, {CP 
Syn.—luly 1, CPMs—fuly 11) 


Fall General Meeting 

Morrison Hotel 

Chicago, Ill 

October 9-14. 1960 

(Final date for +TP—June 10, {CP 
Svn —fuly 21. CPMs—Aug 4) 


1961 Winter General Meeting 
Hotel Statler 

New York, N. Y. 

January 29-February 3, 1961 

(Final date for +TP—Oct. 31, {CP 
Syn.--Nov. 10, CPMs—Nov. 25) 


*Final date tor submitting papers— 
closed 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Synopses should be di 
rected to the District Meeting Com 
mittee) 


Transactions and conference papers must conform to the requirements in Author’s Guide 
For a copy, write to E. C. Day, AIEE, 33 W. 39th St., New York 18, N. ¥ 
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second prize paper is “Binary Communt- 
cations Feedback Systems.” 

W. G. Vieth, New York Section chair- 
man, and recently retired chairman of 
Institute Committees also were recognized 


ASEE Publishes Guide 
for Recruitment of Graduates 


A universally applicable guide tor the 
recruiting of engineering college graduates 
has been published by the American So 
ciety for Engineering Education (ASEE) 

Activities bringing together college 
graduates and would-be employers must 
meet four conditions, ASEE says 

1. To promote a wise and responsible 
choice of career. 

2. To strengthen students sense of in 

tegrity. 

3. To develop in students an attitude ot 
personal responsibility for their choice of 
career and for their success in it 

4. To minimize interference with educa 
tion 

“It is in the best interest of students 
colleges, and employers alike that the se 
lection of careers be made in an objective 

Ross Photo atmosphere and complete understanding 
of all the facts,” according to the ASEE 
guide. The 8-page leaflet lists in detail 
recommended practices and procedures by 


AWARD WINNERS of the inaugural prize paper competition held by AIEE District 3 in 1958-59 
are pictured with J. R. Kerner (right), vice-president, at the joint New York Section—Communi- 
cations Division Meeting. They are: (left to right) Irving Kolodny, A. Hauptschein, K. C. Morgan, 


G. S. Eager, Jr., Ludwik Jachimowicz, and D. E. Robinson CmnprOers, COM, 286 SHEE Se a 


sure that these ends will be achieved 

“It is the hope of ASEE,” according to 
Prof. W. L. Collins of the University of 
Illinois and secretary of the society, “that 
this leaflet gets into the hands of every 
engineering senior seeking employment 
as well as recruiter, and college placement 
officers.” 


District 3 1958-59 prize paper award win ners, associated with the New York Uni 
ners. This was the initial prize paper versity Research Division, are: B. Harris 
competition held by District 3. First prize \. Hauptschein, K. C. Morgan, and L. $ 
paper award winners, all associated with Schwartz 

General Cable Corporation Research Ihe first prize paper is entitled, “Trans- 


Laboratories, are: G. 8. Eager, Jr., Ludwik mission Properties of Polyethylene-Insu : 
“It is designed as an aid in the develop 


ment and maintenance of high ethical 
standards in the procedures of college 


Jachimowicz, Irving Kolodny, and D. F lated Telephone Cables at Voice and 
Robinson. Second prize paper award win Carrier Frequencies The title of the 


recruiting and in the relations between 
the employing organization, college au 
thorities, and college students.” 

rhis is the second revision of the origi 
nal “code,” first published in 1949; the 
current revision is entitled “Recruiting 
Practices and Procedures—1959.” 

W. W. Burton, employment manager of 
the Minnesota Mining and Manufacturing 
Company and chairman of the ASEE 
Committee on Ethics which was responsi 
ble for the publication, says, “This is a 
combination of the best thinking of rep- 
resentatives from both industry and edu- 
cation and represents the highest stand- 
ards of ethical procedures yet developed. 
In its preparation, industry and education 
have had equal voices.” 

The Ethics Committee of the Engineers 
Council for Professional Development 
(ECPD), the organization responsible for 
accrediting engineering curricula, again 
has endorsed the “code.” Indeed, accord- 
ing to P. L. Alger, chairman of ECPD's 
Ethics Committee, this ASEE recruiting 
“code” now constitutes a supplement to 
the ECPD Canons of Ethics. 

Copies may be purchased from ASEE 
at the University of Illinois, Urbana, for 
NEW YORK SECTION members who were elevated to Fellow grade during the past year are 10¢ each, 25 for $1, or $3 per 100. 
shown with AIEE President J. H. Foote and Section Chairman W. G. Vieth at the Section meeting. 
Standing (left to right): A. C. Dickieson, R. F. Guy, H. B. Busignies, L. G. Abraham, Mr. Foote, 


and Solomon Fishman; and seated (left to right): E. J. Merrell, John M , Mr. Vieth, R. W. FES, © goer wy 
Burrell, and W. K. MacAdam. : iia clits 2 vi Wear Your 5 AIK Badge 


Ross Photo 
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Armco Steel Corporation, and to Souths: 
Pacific’s electronically operated Englewou! 
Yard are scheduled the following day 
Two boat trips down the industry-lined 
Houston ship channel on the official port 
inspection boat, the MV Sam Houston 
are scheduled for Tuesday afternoon and 
Wednesday morning. 

Entertainment for both members and 
their ladies has been carefully arranged 
Tuesday evening’s social hour and ban 
quet will highlight the Lamar High 
School Mixed Chorus, a singing group 
noted for outstanding performances 
Golfing plans have also been made for 
members wishing to relax with a gam 
on one of Houston’s sunny courses. Lunch 
eon and a style show at a leading depart 
ment store, together with social meetings 
each morning, will be of special interest 
to the ladies. In addition, they are invited 
to participate in the boat trips down the 
channel which terminate at the histori 
San Jacinto Battlefield. 

Members will be mailed reservation 
blanks which should be completed and 
returned to the Shamrock Hilton Hotel 
Early reservations are highly desirable, 
since the hotel will not guarantee to fill 
reservations received after March 26. Res 
ervations may be made immediately by 


Richard Pervin Photo 


PORT OF HOUSTON turning basin, terminus of a 50-mile deep-water ch | that opened the writing the Reservation Department, 
doors of Houston to commerce with the world, is pictured. Three outstanding industrial plants Shamrock Hilton Hotel, P. O. Box 1287 
situated on or near the channel will be toured by AIEE during the District 7 Meeting, while the Houston, Texas, making reference to the 
waterway itself will be explored on a fourth inspection trip aboard the MV Sam Houston, the AIEE District 7 meeting. 

official port inspection boat. Since the SS Satilla warped-in at a waiting dock on August 22, Special room rates obtained are as 
1915, the port has risen to second in the nation and has been a major factor in Houston's follows: 


growth to the South's largest city. 





Accommodation 


Southwest District 7 Meeting 
Set for April 4-6, 1960, Houston, Texas 


A TECHNICAL PROGRAM of unusual 
scope and interest awaits AIEE members 
who attend the Southwest District 7 
meeting, to be held in Houston, Texas, 
April 4-6, 1966. Headquarters for the 
gathering will be the Shamrock Hilton 
Hotel. 

Prominent speakers and _ personalities, 
comprehensive technical _ presentations, 
outstanding entertainment, and inspection 
trips to local industries will round out 
the interesting and info.mative program 

At the Monday morning general session, 
Houston Mayor Lewis Cutrer’s welcome 
will be followed by Dr. J. A. Hutcheson’s 
keynote address, keyed to the theme of 
the meeting—‘Electricity—Pacemaker of 
Industrial Growth in the Great South- 
west.” Dr. Hutcheson is vice-president of 
Westinghouse Electric Corporation. 

The technical program will include ap- 
proximately 80 papers, presented in 4 
simultaneous sessions during 5 half-day 
periods, 

Inspection trips to some of the area’s 
outstanding industrial installations will 
add variety and interest to the technical 
presentations. A tour through the Sam 
Bertron Steam Electric Generating Sta- 
tion, largest of the Houston Lighting & 
Power Company system, is scheduled for 
Monday afternoon. Visits to the fully in- 
tegrated steel mill of Sheffield Division 
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Parlor and two bedrooms 


In the event the room requested is not 


THE SHAMROCK HILTON HOTEL (within circle) in Houston, Texas, will be the headquarters for 
the Southwest District 7 Meeting of AIEE on April 4-6, 1960. Papers will be presented by 80 
speakers who will cover 10 major fields of interest in a program keyed to the theme, ‘Electricity 
—Pacemaker of Industrial Growth in the Great Southwest."’ Inspection trips to local industries 
and entertainment for the ladies are additional program highlights. 
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COMMEMORATING the 75th anniversary of the AIEE in Schenectady, N. Y., were: (left to right) 
J. C. White, Schenectady Section chairman; L. C. Holmes, vice-president, Empire District; J. H. 
Foote, AIEE president; T. M. Linville, past director; and E. S. Lee, past president. 


available, quarters having the next rate 
will be assigned 
Registration fees for the meeting are 
$4 for members, $7 for nonmembers, and 
$2. for Advance 


ladies registration 1s 


urged, and preregistration forms and 
other correspondence should be addressed 


to: H. W 
Company, P. O. Box 22045, Houston 25, 


Magruder, General Electric 


Texas 

Members of the AIEE District 7 Meet 
ing Committee are: P. H. Robinson, gen 
eral chairman; V. O. Clements. vice-chair 
man; J. B. Burr, vice-chairman; W. E 
Robin 
co-ordinating secretary; C. L. McNeese 
publicity; A. F. Williams, section liaison; 
L. K. DelHomme, technical program; 
W. M. Oliver, hotel and equipment; C. M 
Davis, registration and information; W. F 
Strong and J. R. Ridgway, Jr., 
trips and transportation; and G,. B. Jami- 


Silvus, budget and finance; M. T. 


Inspec tion 


son, entertainment 


Schenectady Section 
Holds 75th Anniversary Dinner 


The Schenectady Section, AIEE, com- 
memorated the 75th anniversary of the 
Institute at a dinner held at the Edison 
Club in Schenectady, N. Y., on October 

1959, 

The guest speaker, introduced by T. M 
Linville, was J. H. Foote, president of 
AIEE. Mr. Foote spoke on “The Pro- 
fessional Engineer and His Technical and 
Professional Societies.” 

J. C. White, chairman of the Schenec- 
tady Section, presented, on behalf of the 
Institute, certificates of appreciation and 
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accomplishment to a group of Schenectady 
area members upon the termination of 
their respective chairmanships of various 
national AIEE technical committees and 
subcommittees. Those who received cer- 
tificates were: Mr. Linville, C. Concordia 
I. B. Johnson, C. A. Woodrow, H. W 
Lord, L. W. Morton, F. J. Maginniss, 
A. G. Mellor, R. F. Shea, C. W. Frick, 
G. W. Heumann and Harold Chestnut. 

C. P. Steinmetz an early president of 
AIEE, also served as the first chairman 
of the 
organized January 1903. The Schenectady 


Schenectady Section which was 


Section has contributed three other na 
tional presidents: E. W. Rice, Jr., (1917- 
18), BD. C. Prince (1941-42), and E. S. Lee 
(1948-49) 


Standards Evaluated 
at Control Systems Conference 


Phe Control System Components Con- 
ference was held November 5-6, 1959, in 
Dallas, Texas, as a parallel effort with the 
National Automatic Controls Conference 
Che objective of the Control System Com- 
ponents Conference was to bring together 
component specifications people, system 
designers, and component designers. The 





Support 
the New United 


Engineering Center 
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theme of the conference was the “Evalua- 
tion and Review of Standards and Recom- 
mended Practices,” with reference to com- 
ponents used in control systems. 

The conference consisted of five half- 
day sessions. 


Session No. 1—Transformers. The chair- 
man was Reuben Lee. Three papers were 
presented on wideband transformers, The 
fourth item of the session consisted of a 
panel discussion by members of the AIEE 
Transformer Committee on the subject of 
the proposed AIEE Standard. 


Session No. 2—Instrumentation. G. H. 
Bouman gave a presentation of the “Dy- 
namic Response Testing of Process Con- 
trolled Instrumentation, Part I, General 
Recommendations, RP-26.1.” 

This session was sponsored by the In- 
strument Society of America (ISA). Mr. 
Bouman covered the subject of testing 
procedures as outlined in the Recom- 
mended Practices recently published by 
the ISA. 

Mr. Bouman’s paper may be obtained 
by writing to the ISA. Additional in- 
quiries should be made to the chairman 
of the Dynamic Response Testing of 
Process Control Instrumentation Group, 
headed by Fred Winterkamp, E. I. duPont 
de Nemours & Co., Inc., Bell Works, P. O. 
Box 993, Charleston 24, Va 


Session No 3—Magnetic Amplifiers. 
John Hart was the chairman of the ses- 
sion. A panel discussion covering the sub- 
ject of the new “Proposed Test Code for 
Magnetic Amplifiers” was conducted. The 
panel consisted of R. M. Hubbard, H. W. 
Patton, F. G. Timmel, W. R. Seegmiller, 
and Dr. T. G. Wilson. 

A copy of the “Proposed Test Code for 
Magnetic Amplifiers” may be obtained 
from the main office of the AIEE, or by 
reterring to a recent issue of the AIEEF 
Communications and Electronics maga 
zine. 


Session No. 4—Electrohydraulics. The 
chairman of the session was Dr. John 
Gibson. The main speaker was William 
Thayer, who reviewed the latest version 
of the proposed AIEE Standard on Elec 
trohydraulic Servo Transfer Valves. Upon 
conclusion of this presentation. a ques- 
tion and answer period ensued. Copies of 
the Electrohydraulic Servo Control Valve 
Standard may be obtained by writing to 
Mr. Thayer, Moog Servocontrols, Inc., East 
Aurora, N. Y. 


Session No. 5—Electromechanical. Chair 
man of the session was William Sollecito 
A panel presentation reviewing the So- 
ciety of Automotive Engineers’ (SAE) 
“Aeronautical Recomended Practice” was 
given. The document, ARP 497, covering 
precision control motors, was presented 
by Dwight Bloser. 

Mr. Bloser concluded the session by 
giving the status of the new proposed 
SAE Aeronautical Recommended Practice 
(ARP) Document covering the subject of 
tachometers. He predicted that this doc- 
ument would be released in approxi- 
mately 16 months. A copy of the docu- 
ment, ARP 497, may be obtained by 
writing to the Society of Automotive En- 
gineers, Inc., 485 Lexington Ave., New 
York 17, N. Y. 
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First Conference on AIEE’s Role 
in Space Technology Is Planned for April 


THE DEVELOPMENT of AIEE’s in- 
terests in space science and the specific 
areas of electrical engineering where it 
should lend support will be the subject of 
the first conference on Electrical Engineer- 
ing in Space Technology, to be held at 
the Baker Hotel, Dallas, Texas, April 11- 
13, 1960, in collaboration with the Insti- 
tute of Radio Engineers and the American 
Rocket Society. 

The purpose of the conference and 
AIEE’s future contributions to space prob- 
lems is formally set forth by the following 
statement endorsed by the Institute: 


Statement of Purpose 

The impact of the scientific and 
technological endeavor related to the 
national and international effort in 
the exploration and exploitation of 
outer space, together with the scope 
and difficulty of attendant problems, 
is recognized by the Institute. Ac- 
cordingly, it endorses and encourages 
an intensified effort on the part of the 
Institute toward defining and fulfilling 
its professional responsibilities and its 
appropriate role of leadership in 
space technology. 

A vast resource of background 
knowledge and know-how in electrical 
science and engineering exists within 
the Institute, fertile for extension and 
application to the solution of space 
problems, and potentially accessible 
to affiliated areas in space technology. 

Electrical aspects of space tech- 
nology have become increasingly sig- 
nificant in fields of aero- and astro- 
dynamics, propulsion, metallurgy, and 
atomic and solid-state physics. Simul- 
taneously, those working in these fields 
have become aware of this new sig 
nificance of electrical 
engineering. There is need, therefore, 
to utilize the existing capabilities of 
those working in electrical science and 
engineering in solving space prob- 


science and 


*SPACE REQUIREMENTS will be stressed at 


lems, and for electrical engineers to 
collaborate with scientists in these 
fields in solving problems in commu- 
nication, navigation, energy, and con- 
trol. 


This first, or kick-off, conference will 
stress space requirements on the one hand, 
and the capabilities in electrical science 
and engineering on the other. The two- 
and-a-half day program will encompass 
orientation and problem areas by au- 
thorities working in space research and 
development, and discussions of develop- 
ments in four principal fields: 


Communications 
Feedback Control 
Electric Energy Conversion 
Instrumentation. 


Sessions are planned to cover the follow- 
ing themes: 


Monday, April 11 


Morning Session 


“A Glimpse at the National Space Picture,” 
consisting of orientation talks by civilian and 
military leaders in the space program. 


Lunch 


A luncheon talk is planned for presentation by 
a member of Congress on recent congressional 
committee activity 


Afternoon Session 


“The Space Age Viewpoint on the Fields of 
Communication, Control, Electric Energy, and 
Instrumentation,” with papers by scientists ac- 
tive in these fields. 


Dinner 


“Adventures in Space Science (Fiction),” to be 
presented by a prominent speaker with an 
avocation in science fiction writing. 


Tuesday, April 12 


Morning Session 


“Specific Missions, Requirements, and Prob- 
lems of Some United States Missiles and Space 
Vehicles and Payloads.” 


Afternoon Session 


“Developments in the Fields of Communica- 
tions, Feedback Control, Electric Energy Con- 
version, and Instrumentation,’ presented by 
electrical engineers representing these areas 
Immediately following, a seminar is planned 
entitled, ‘Basic Electrical Engineering Mate- 
rials, A Review,"’ treating magnetics, insula- 
tion, and solid-state materials. 


Wednesday, April 13 


Morning Session 


“Developments in Equipment and Component 
Capabilities for Space Application,” which will 
be divided into four separate sessions, each 
treating one of the four major fields high- 
lighted in the conference: communications, 
feedback control, electric energy conversion, 
and instrumentation. 





the initial Conference on Electrical Engi 

ing in Space Technology, which will be held 
April 11-13, 1960, at the Baker Hotel in 
Dallas, Texas. 
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*This illustration by Frank Tinsley is re- 
printed from Industrial Research magazine 
and the book, “Stimulus,’’ both published by 
Scientific Research Publishing Company, Inc. 
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AIEE members and affiliates have been 
urged to support the purpose of this con- 
ference in view of the national and inter- 
national scope and importance of space 
problems. Almost all papers will be 
invited. However, those wishing to con- 
tribute papers for the conference, appro- 
priately within the scope of the session 
themes, should address their correspond- 
ence to: B. J. Wilson, Code 5230, U. S. 
Naval Research Laboratory, Washington 
25, D. C. 

Personnel for the conference comprises: 
general chairman—B. J. Wilson, Washing 
ton, D. C.; local arrangements chairman— 
E. Lipscombe, Dallas, Texas; finance— 
H. L. Reynolds, Dallas; registration— C. F. 
Crandall, Dallas; hospitality—]. Cupples, 
Dallas; publicity—D. Coffman, Dallas; 
facilities—J. Turpin, Dallas; and technical 
program committee—B. J. Wilson, chair- 
man; E. D. Becken, New York, N. Y.; 
E. Brancato, Washington, D. C.; R. D. 
Campbell, New York; R. E. Horn, Balti- 
more, Md.; J. G. Lundholm, Los Angeles, 
Calif.; W. E. Phillips, N. Wales, Pa.; D. 
Talley, New York; and J. G. Truxal, 
Brooklyn, N. Y. 


Telemetry in Industry 
and Defense Is Theme for 1960 


The National Telemetering Conference 
currently sponsored by four professional 
societies having a mutual interest in 
telemetering—AIEE, Instrument Society 
of America, Institute of Aeronautical 
Sciences, and American Rocket Society— 
will be held May 23-25, 1960, at the Hotel 
Miramar, Santa Monica, Calif. 

Each year, the organization of the con 
ference is rotated among these societies. 
The host society for the 1960 conference 
is the Instrument Society of America. The 
theme this year is “Telemetry—A Tool of 
Industry and Defense.” 

The basic objectives of the conference 
are to furnish a common ground for 
exchange of technical information, to 
stimulate development progress, and to 
document the year-to-year progress in the 
constantly expanding field of telemetry. 

Papers submitted for presentation at 
this conference should be related to the 
theme while contributing to the basic 
objectives of the conference. 

The tentative technical program follows 


Monday, May 23 


Session I. 
tems 


Industrial Data Transmission Sys- 


Session II. Biomedical Measurements 

Session III. Space-Data-Acquisition Systems 
Session IV 
Techniques 


General R-F Components and 


Session V. Missiles and Aircraft Telemetry 
Workshop—‘R & D Needed in the '60s.” 


Session VI. Data Processing and Presentation 


Tuesday, May 24 
Session VII. Industrial Process Control 
Session VIII. General—Transducers 


Session IX. Ground Stations—New Components 
and Techniques 


Session X. Industrial Supervisory Control 


Session XI. Missiles and Aircraft—Flight Data 
Systems 
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Session XII 
n iq ues 


Space-Data-Transmission Tech- 


Wednesday, May 25 
Session XIIL. Industrial—Data Processing and 
Display 


Session XIV. Missiles and Aircraft—Environ 
ment Measurement and Control 

Session XV. General Transistorization Progress 
Session XVI. Industrial Telemetry Workshop— 
What We Really Need Is— 

Session XVII. Special Telemetry Techniques 
Session XVIII. Reliability in Telemetry 


The foregoing are the general topics 
toward which the program is slanted. The 
session tithes may undergo revision. 

March 15, 1960, is the date when final 
papers may be submitted to the national 
program chairman 

The close-off date for final submission 
of papers has been set in order to permit 
preprinting and binding of papers in time 
for issuance to attendees at the conference 
upon registration. Blanks will be provided 
all authors for typing the completed paper 
in accordance with the desired printing 
format, along with complete instructions 
well in advance of the final submission 
date 

Publicity relating to the technical pro 
gram or any publicity pertinent to the 
conference may be submitted to: R. W 
Murray, 15016 Ventura Boulevard, She1 
man Oaks, Calif 


Electric Farming Conference 
Scheduled for May 10-12, 1960 


The theme of the 1960 AIEE Rural 
Electrification Conference, scheduled for 


PLANS for the 1960 Rural Electrification Conference were made at a meeting of the conference 
1, 1959. Attending were (left to right, seated): H. E. James, General 


see, < ry i 
c on Sep 








Electric Company, inspection trip chairman; J. L. Trebilcock, Fairbanks, Morse & Company, pub- 
licity chairman; W. J. Ridout, Jr., Electricity on the Farm, general chairman; Ralph Shaw, Omaha 
Public Power District, vice-chairman of the Nebraska Section; C. R. Putzier, Westinghouse Electric 
Corporation, Nebraska Section vice-chairman; (left to right, standing): J. G. Ekstrand, Con- 
sumers Public Power District, finance; C. R. Hendrickson, Omaha Public Power District, finance 
chairman; R. E. Kelly, Westinghouse Electric Corporation, hospitality chairman; Max Mattison, 
Nebraska Public Power System, publicity; L. C. Shalla, Omaha Public Power District, registration 
chairman; and |. O. Sunderman, Consumers Public Power District, meeting facilities chairman. 


May 10-12, in the Sheraton-Fontenelle 
Hotel, Omaha, Nebr., will be “The Chal 
lenge of Electric Farming.” 

Papers presented during the conference 
will point out the demands for electricity 


; 
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PARTICIPATING in the 11th Annual AIEE Machine Tool Conference were: (left to right) R. S. 
Gardner, AIEE headquarters, New York; E. C. Barnes, chairman of the Cleveland Section, AIEE; 
D. C. Romick, Goodyear Aircraft Corporation; E. J. Loeffler, chairman of the Machine Tools Sub- 


c itt Pp of the 


next year. 
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ing; and N. P. Bashor, vice-chairman and chairman-elect for 
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by all phases of agriculture. A discussion 
will be held on how the electrical industry 
—power supplier, manufacturer, and dis 
tributor—is meeting this challenge. 

Agricultural equipment manufacturers 
and power suppliers have been invited to 
send representatives to the conference. 

Fentative arrangements have been made 
for tours through the headquarters of the 
Strategic Air Command, the Omaha Stock 
Yards and Packing Plants, and Father 
Flanagan's “Boys Town.” 

Preliminary plans for the conference are 
being made by the AIEE Nebraska Section 
committee in Omaha, under the direction 
of Ralph Shaw, conference chairman, and 
W. J. Ridout, Jr., general chairman. 


New Developments Covered 
at Machine Tool Conference 


About 550 representatives of machine 
and control manufacturers attended the 
lith Annual AIEE Machine Tool Confer- 
ence on October 19-21, 1959, at the Shera- 
ton-Cleveland Hotel in Cleveland, Ohio. 

Several relatively new adjustable speed 
drive systems were presented. The latest 
developments in static control systems and 
several new control accessories also were 
covered. 

At the luncheon on Tuesday, October 
20, the speaker was D. C. Romick, inter- 
nationally known aerophysicist with the 
Goodyear Aircraft Corporation. Mr. Ro- 
mick’s illustrated lecture was entitled 
“Dawn of the Age of Space Flight.” He 
discussed many of the plans and problems 
involved in space exploration. 
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Biomedical Electronics 
Described at Joint Conference 


The 12th Annual Conference on Elec- 
trical Techniques in Medicine and Biol- 
ogy which was attended by more than 
500 specialists in this field was sponsored 
by AIEE, Institute of Radio Engineers, 
and Instrument Society of America in 
Philadelphia, Pa., November 10-12, 1959. 

Biomedical electronics was given mo- 
mentum with the application of an in- 
creasing number of current electronic 
techniques to the problems of medicine 
and _ biology. 

The use of electronics in this field is 
growing “slowly, but systematically, and 
on a solid base,” according to Dr. H. P. 
Schwan, Electromedical Division, Moore 
School of Electrical Engineering, Univer- 
sity of Pennsylvania, and chairman of the 
conference. This view was supported by 
the number of new electronic techniques 
described to the delegates in 40 technical 
papers. 

Among the exhibits shown during the 
conference were: an instantaneous particle 
counter, a Varichron electronic timing 
unit, a Fluoremeter, a differential electro- 
meter amplifier, a direct recording Visi- 
corder oscillograph, and Metrohm equip- 
ment for blood pH. 


I. S. Coggeshall Manages 
Technical Operations Services 


I. S. Coggeshall (M ‘37, F °48) joined 
the AIEE headquarters staff as manager 
of Technical Operations Services on Jan 
uary I, 1960, following his retirement as 
assistant International 
Communications, Western Union Tele- 
graph Company. He has been active in 
electrical communication affairs in the 
AIEE, having been secretary of the Com- 
munication Group, New York Section, 
upon its organization in 1930, and later 
its chairman. His other committee service 
includes: Communication (1943-47); Tele- 
graph Systems (chairman 1949-51); Com- 
munication Division (1950-59, chairman 
1955-57); Technical Operations (1955-57); 
Technical Operations Department (1957- 
59, vice-chairman 1959); and Board of 
Examiners (1952-56, chairman 1954-55). 
He has also been a director, and in 1951, 
president, of the Institute of Radio En- 


vice-president, 


gineers. 

Dr. Coggeshall attended Worcester Poly- 
technic Institute, was elected to Tau Beta 
Pi, and later was awarded an honorary 
degree of doctor of engineering by 
Worcester for achievement in the subma- 
rine cable field. He has been registered as 
a professional engineer in New York State 
since 1937. He saw naval service in both 
World Wars; was executive officer of the 
U. S. Naval Communication Reserve, 3rd 
Naval District, New York, 1938-40; and 
retired as Commander, USNR, in 1957. 
His writings, in AIEE publications, the 
“Encyclopaedia Britannica,” and _ else- 
where have covered the business as well 
as the technology of radio and wire com- 
munication. 

As manager of Technical Operations 
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AT THE OPENING of the 12th Annual Conference on Electrical Techniques in Medicine and Bi- 
ology, November 10-12, 1959, in the Hotel Sheraton, Philadelphia, Pa., were: (left fo right) 
H. P. Schwan, conference chairman, and J. H. Foote, AIEE president. 


Services, Dr. Coggeshall will be responsi- 
ble for staff services related to the work 
and program of the Technical Operations 
Department and its 6 constituent Divi- 
sions and 56 Technical Committees. Other 
lechnical Operations 
Day, in charge of 


members of the 
Services staff are E. C. 
papers and meeting programs, and R. S. 
Gardner, in charge of technical activities 
including the 3 dozen Special Technical 
Conferences sponsored in whole or part by 
AIEE. 

Expansion of the department's serv 
ices is anticipated in the areas of new 
activities, local and national technical 
groups, and extended opportunities for 
member participation. 





i, S$. Coggeshall 
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EJC Manpower Commission 
Reports on Need for Engineers 


Industrial recruiting and the over-all 
demand for engineers increased materially 
in 1959. 

Acute numerical shortages were not 
widespread because of the large number 
of engineering graduates available for im 
mediate employment. In 1959, there were 
38,162 B.S. graduates in engineering, the 
largest class since 1951, 36% greater than 
in 1956, and 41% over 1955—the period in 
which shortage was most acute. 

The demand for engineering graduates 
will increase and by 1966 there will be 15 
graduates recruited for every 10 hired in 
1959. 

Starting salaries are at an all-time high, 
averaging $510 monthly for B.S. graduates, 
$600 for M.S. graduates, and $825 for 
Ph.D.’s. Aircraft, electric equipment, and 
electronics industries offered the highest 
salaries. 

These are the facts on supply and de 
mand for engineers, made public recently 
by the Engineering Manpower Commission 
of Engineers Joint Council (EJC) in its 
ninth annual report entitled “Demand for 
Engineers—1959.” 

According to the report, the downward 
trend in the demand by industry and gov- 
ernment for engineers has been sharply re- 
versed from that prevailing in 1958, when 
there was a close supply-demand balance. 
This, however, was due to the temporary 
recession in the economy and did not af- 
fect the absolute demand for engineers, 
which is constantly growing with the ex- 
panding economy over the years. 
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The report warns that, as the economy 
continues to expand, numerical shortages 
of engineers again may be present because 
enrollments in engineering schools in 
1958 and 1959 have declined 

The report states that engineering turn 
over in 1958 averaged 9.5%, a decline 
over 1957 (11%) and is expected to drop 
to 8.6%, in 1959. The principal cause for 
losses is resignation (55%), followed by 
death and retirement (9%), and military 
leave (6.5%) 

It also points out that demand for en 
vineering technicians in 1959 also” in 
creased over 1958. Industrial employers 
expected to hire in 1959 one additional 
technician to every 10 now employed 
while in-plant training of additional tech 
nicians also corresponds to about 10% of 
the employed number 

As to future demand, the report shows 
that industrial demand, or recruiting, in 
terms of gross additions was 13.4% in 
1959; it is expected to rise to 15.2% in 
1960, 17.1% in 1963, and 20.697 in 1966 
This reflects anticipated continuing ex 
pansion of needs for engineering gradu 
ates, particularly for new graduates. These 
trends vary from one industry to another. 
The most accelerated growth is expected 
to be in research and development, ait 
craft, electric equipment and electronics 
machinery, and mining. The rate of addi 
tions of engineering manpower is expected 
to be below industry average in construc 
tion, railroads, utilities, and chemicals. 

Che report on “Demand for Engineers— 
1959” is available from the Engineering 
Manpower Commission, 29 W. 39th St 
New York 18, N. ¥ 


Reclamation Engineer 
Is Awarded District 6 Prize 


J. E. Skuderna, electrical engineer with 
the U.S. Bureau of Reclamation, Denver, 
Colo., recently was awarded first prize by 
the judges of District 6, ATEE, in the 
AIEE annual prize paper contest. The 
prize consists of a certificate and cash 
award of $75. District 6 comprises all of 
Colorado and Nebraska, and portions of 
Wyoming, South Dakota, and lowa. 

he presentation was made by M. H 
Kight, chief of the Electrical Branch of 
the Bureau of Reclamation, Denver, Colo., 
and national vice-president (District 6) 
of the AIEEE. Mr. Skuderna is presently 
treasurer of the Denver Section of the 
Institute 

Mr. Skuderna presented — his paper, 
dealing with the “X/R Method of Apply 
ing Power Circuit Breakers,” at the Win- 
ter General Meeting of the Institute in 
New York City in February 1959. 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grade, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N. Y. 
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Combined District Meeting Planned 





COAL, CHEMICALS, AND POWER sessions will be featured at the combined East Central and 
Allegheny-Ohio Valley District meeting to be held April 12-14, 1960, in Charleston, W. Va. 
The District Committee which is making plans for the combined meeting has been active since 
October 1958. C ittee bers pictured above are: (left to right) R. H. Hively, J. E. Dennie, 
M. H. W. Illing, W. C. McMahan, L. M. Roth, Chairman C. M. Hunt, B. W. Whittington, P. W. 
Sinsel, Z. C. White, J. C. Norton, and H. L. Austin. 








Work Has Started 





EXCAVATION has begun on the site of the new United Engineering Center at the United Na- 
tions Plaza, New York, N.Y. In the background, the United Nations buildings may be seen. 
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AIEE FELLOWS ELECTED 


Board of Directors Meeting, November 19, 1959 


Ralph Hilliard Earle (AM '27, M ‘29, 
Member for Life), manager of engineering 
development, Line Material Industries 
Division of McGraw-Edison Company, 
South Milwaukee, Wis., has been trans- 
ferred to the grade of Fellow in the AIEE 
“. . . for contributions to development of 
equipment for electric distribution.” He 
was born December 18, 1894, at Newton 
Kans., and graduated in 1917 from the 
Armour (now Illinois) Institute of Tech- 
nology with the degree of B.S. in electri- 
cal engineering. After a few months as an 
assistant engineer in the test department 
of the Atchison, Topeka & Santa Fe Rail- 
way, Topeka, Kans., he went to work for 
Cutler-Hammer, Inc., Milwaukee, Wis., as 
an engineer on development of measuring 
instruments used in the gas industry. Dur- 
ing 1920-29, he was employed by Allis 
Chalmers Manufacturing Company as an 
engineer in the hydraulic turbine depart 
ment. In 1929, he joined the Line Material 
Company, now a division of McGraw 
Edison Company, as head of the newly 
formed research department and was later 
appointed director of research. In 1949, he 
was advanced to manager of engineering, 
general products, which comprised out 
door lighting equipment and _ protective 
equipment, capacitors, and construction 
materials for outdoor electric distribution 
systems. He became manager, engineering 
development, in May 1959. Mr. Earle 
holds 35 United States and 18 Canadian 
patents for inventions which included 
supervisory control equipment for hydro- 
electric generating stations, welded steel 
plate construction for heavy hydraulic 
machinery, and high-voltage distribution 
equipment for outdoor electric power sys 
tems. He is a member of Eta Kappa Nu 
Tau Beta Pi, the American Standards 
Association, the National Electrical Manu- 
facturers Association, the Wisconsin So- 
ciety of Professional Engineers, and the 
Engineers Society of Milwaukee, of which 
he is a past president. He is a registered 
professional engineer in the State of Wis 
consin. Mr. Earle is a past chairman of the 
Milwaukee Section, AIEE, and served on 
the AIEE Protective Devices Committee 
(1947-51). 


George H. Groh (M '43), vice-president in 
charge of research and planning, Arizona 
Public Service Company, Phoenix, Ariz., 
has been transferred to the grade of Fel- 
low in the AIEE “.. . for contributions to 
the development of a rapidly expanding 
electric power system.” Mr. Groh was born 
January 17, 1901, in Myerstown, Pa., and 
received the B.S. degree in electrical engi 
neering from Penn State College in 1923 
During 1923-29, he was employed by the 
West Penn Power Company, Pittsburgh, 
Pa. He was assigned to various operating 
and maintenance positions, to relay work 
in the engineering department, was ad 
vanced to test engineer, and handled 
operating department functions. He joined 
Public Service, then the Central Arizona 
Light & Power Company in 1929. He 
handled assignments in the engineering 
department and was assigned to new steam 
plant construction early in 1930 as elec 
trical installation co-ordinator. After plac 
ing the plant in operation, he returned 
to the engineering department. In 1930. 
he was placed in charge of the electric 
and gas meter departments, and in 1933, 
he was assigned to valuation study and 
assembling of exhibits in preparation for 
rate hearing. During 1934-37, he assisted 
in natural gas conversion and was then 
assigned to the commercial and industrial 
sales department as sales engineer. In 1936. 
he became commercial and industrial sales 
manager. He was later assistant general 
superintendent in the operating, mainte 
nance and construction departments. In 
1944, he had advanced to general super 
intendent; in 1945, chief engineer and 
general superintendent; and in 1948, he 
was elected vice-president in charge of 
operations. Mr. Groh was vice-president 
and assistant to the executive vice-presi- 
dent during 1953-59, until he became vice- 
president and manager of research and 
planning, the position he now holds. Dur 
ing World War II, he was a member of 
the Pacific Southwest Power Pool Co-ordi 
nating Committee for directing power to 
best use in the war effort. He was on the 
Arizona Section AIEE Executive Commit- 
tee (1950-51), and was chairman of Na- 
tional Engineers Week in Phoenix in 1959. 
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Mr. Groh is a_ registered professional 
engineer in the State of Arizona, a mem- 
ber of the National Society of Professional 
Engineers, and served on the AIEE System 
Engineering Committee (1948-49). 


Howard Martin Hess (AM °35, M ‘46), 
associate dean of engineering, Wayne State 
University, Detroit, Mich., has been trans- 
ferred to the grade of Fellow in the AIEE 
“. . . for contributions to the organization 
of electrical engineering education.” He 
was born September I1, 1908, in Akron, 
Mich., and attended Wayne State Univer- 
sity, while it was yet a municipal institu 
tion. Previous to his entering Wayne, he 
worked at the Western Electric Company 
for 3 years on the installation of some 
of the first dial telephone central office 
equipment in Detroit. Immediately after 
graduation, he began teaching in the elec- 
trical engineering department at Wayne 
University and has continued there since, 
except for a period of study at the Univer 
sity of Michigan, where he received the 
M.S. degree in electrical engineering in 
1937. He did further graduate work at the 
State University of Iowa in 1940-41. Mr. 
Hess took an active part in the develop- 
ment of the curriculum and the labora- 
tories of the new electrical engineering 
the area of power circuits and machinery. 
the area of power circuits and machinery. 
He became acting head of the department 
in 1945, and in 1948 was appointed head 
of electrical engineering, a position he 
held until his present appointment in 
1957. During the years 1941-45, Mr. Hess 
was responsible for all the physical facili- 
ties of the extensive war training program 
carried on by Wayne University. In 1944, 
he helped organize the Wayne Engineer- 
ing Research Institute, served as secretary- 
treasurer of the corporation for 4 years, 
and remained on the Board until the In 
stitute, having served its purpose, was 
dissolved in 1957. He has been a director 
of the Michigan Section, AIEE, for 13 
years and was chairman of the Section in 
1957-58. He is a member of the American 
Society for Engineering Education, the 
Engineering Society of Detroit, the Insti- 
tute of Radio Engineers, Eta Kappa Nu, 
Omicron Delta Kappa, Sigma Xi, and Tau 
Beta Pi. He has served on the AIEE Sec 
tions Committee (1958-60) and Student 
Branches Committee (1958-60). 


Harold Edgar Houck (M ‘40), senior elec- 
trical engineer, E. I. du Pont de Nemours 
& Co., Inc., Wilmington, Del., has been 
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M. A. Hyde, Jr 


transferred to the grade of Fellow in the 
AIEI for contributions to the elec 
trical aspects of industrial, chemical, and 
nuclear projects.” Mr. Houck was born in 
Reading, Pa., on December 18, 1899. After 
studying electrical engineering at Pratt 
Institute, he entered the student engineer 
ing training program of General Electric 
Company, Schenectady, N. Y., in 1925. He 
joined the Victor Talking Machine Com 
pany, Camden, N. J., in 1925 as assistant 
electrical engineer. Later that year, he 
entered the employ of Du Pont as an elec 
trical designer and has since then served 
continuously in the Du Pont engineering 
department. As electrical engineer, he was 
responsible for some of the early applica 
tions of mercury are rectifiers to large 
electrochemical installations in the United 
States. During World War II, as senior 
electrical engineer, he directed the elec 
trical design activity for a number of 
rdnance and chemical plants built” by 
Du Pont for the U.S. Government. Later 
he participated in the design of the Han 
ford Engineer Works. He was responsible 
for the administration and co-ordination 
of all design of the electrical and control 
aspects of industrial, chemical, electro 
chemical and explosive plants averaging 
$50) million per year in) value during 
1928-54. During 1945-50, he was responsi 
ble tor the electrical design on a number 
of Du Pont chemical plants. In 1950-54, he 
directed all electrical design activity for 
the Dana and Savannah River Plants that 
Du Pont designed, constructed, and op 
erated tor the Atomic Energy Commis 
sion. During 1954-59, he supervised the 
activity of a group of electrical consultants 
in the Engineering Service Division of Du 
Pont. From April 1959 to the present, he 
supervised the electrical effort on the 
Savannah River Plant design. He is a reg 
istered professional engineer in the State 
of Delaware. Mr. Houck has served on the 
ALEE Chemical Industry Committee (1947 
52, 1954-60) and Electronic Power Con 
verters Committee (1947-49) 





Merritt Anderson Hyde, Jr. (AM ‘27, M 
45), advisory engineer, Westinghouse Elec 
tric Corporation, East Pittsburgh, Pa., has 
been transferred to the grade of Fellow in 
the AIEE “. . . for contributions to elec 
trical application and pipeline pumping.’ 
Mr. Hyde was born July 1, 1896, in Owego, 
N. Y. He studied at Marietta College, 
received the B.S. degree in electrical engi 
neering from the Case Institute of 
Technology in 1922, and the electrical 
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engineering degree from Case Institute in 
1944. He was awarded the honorary Sc.D 
degree from Marietta College in 1948 
From July 1922 to the present, he has been 
Westinghouse. 
Upon completion of graduate student 
training with the firm, he entered the 
general engineering department, where his 
work has been in the industrial electrifica 


engaged continuously by 


tion field. He held the positions of engi 
neer, senior engineer, and fellow engineer 
until he was advanced to his present posi 
tion, in which he is a leading consultant 
and application engineer in the pipeline 
branch of the petroleum industry. During 
1928-30, he specialized in cement and 
ceramics industries in the Westinghouse 
General Mill Engineering Section. He was 
a consulting and application engineer on 
electrification of buildings and public 
works in 1931-35. He was consulting and 
application engineer on chemical and 
petroleum industries in 1935-59. He served 
as electrical consultant on the Plantation 
Pipeline project during 1941-43, 1950-51, 
and 1954. As consultant to Trans Arabian 
Pipe Line, in 1950, he collaborated on the 
electrical control system for diesel powered 
pumping stations and, in 1957, on master 
control for local and remote operation of 
gas-turbine driven pump units. He was a 
consultant to Westinghouse in the develop 
ment of electrical control systems for gas 
turbines in pipe line applications involv 
ing both local and remote operation. He 
directed Westinghouse engineering for 
numerous remotely controlled electrically 
powered pump stations in the United 
States and abroad. He co-ordinated West 
inghouse engineering on complete elec 
tric equipment and speed-increasing gears 
for five electrified compressor installations 
on the gas line of Texas Eastern Trans 
mission Corporation. He is a_ registered 
professional engineer in the State of 
Pennsylvania. He is a member of the 
American Petroleum Institute, Phi Beta 
Kappa, Tau Beta Pi, Eta Kappa Nu, and 
Sigma Xi. Mr. Hyde has served on the 
AIEE Chemical, Electrochemical, and 
Electrothermal Applications Committee 
(1947-54); Petroleum Industry Committee 
(1954-60, chairman 1959-60); and Industry 
Division Committee (1959-60). 


*Haldon Arthur Leedy (M ‘46), executive 
vice-president and director of the Armour 


*Doctor Leedy’s transfer to the grade of Fel- 
low was approved at the Board of Directors 
meeting on October 16, 1959. 
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Research Foundation of the Illinois In 
stitute of Technology, has been trans 
ferred to the grade of Fellow in the ATEE 
a for contributions to the organiza 
tion and administration of an engineer 
ing research center devoted to community 
betterment.” A native of Fremont, Ohio, 
Dr. Leedy was born April 15, 1910. He 
studied physics at North Central College, 
Naperville, Ill., and at the University of 
Illinois, Urbana. After completing work 
toward his doctorate, Dr. Leedy joined 
the Armour Research Foundation in 1938 
as a physicist. In 1944, he was advanced 
to chairman of the physics research de 
partment, and 2 years later he assumed 
the directorship of the Foundation. In 
1950, he was named vice-president. Since 
1950, he has exercised administrative con 
trol of the Foundation as a whole. Growth 
under his direction has been from an 
annual gross research volume of about 
$3.5 million to $14 million and from 
about 650 to 1,265 employees, of which 
855 are professional personnel. Of the 
Foundation’s nine divisions covering all 
the physical sciences and related engi 
neering, one of these divisions, Electrical 
Engineering Research, now comprises 150 
employees, 95 of them professional. Under 
Dr. Leedy’s leadership, this division has 
acquired prominence in electronic re 
search and computing, and is now in the 
process of installing a Remington Rand 
Univac 1105. During the last decade, the 
Foundation has built or remodeled three 
large research buildings, one of them 
containing a research (nuclear) reactor. 
He has served on the Atomic Power In 
vestigating Commission, State of Illinois 
He is a member of Sigma Pi Sigma, Sigma 
Xi, and Tau Beta Pi. Dr. Leedy belongs 
to the following groups and _ societies 
Special Advisory Committee to the De 
partment of Commerce; Advisory Council 
of the Graduate Institute of Technology, 
University of Arkansas; Institute for 
American Strategy; National Research 
Council; Acoustical Society of America; 
American Society for Testing Materials; 
American Standards Association: National 
Conterence on Industrial Hydraulics; Na- 
tional Electronics Conference; American 
Association for the Advancement of Sci 
ence; American Institute of Physics; 
American Physical Society; linois State 
Academy of Science; and Institute of 
Radio Engineers. He is a Board member 
of Link-Belt Company, Elgin National 
Watch Company, and Nuclear-Chicago 
Corporation, and a trustee of the Na- 
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Cecil Clifton Saunders (M ’42), principal 
electrical engineer, E. I. du Pont de 
Nemours & Co., Wilmington, Del., has 
been transferred to the grade of Fellow 
in the AIEE “. . . for contributions to the 
electrical aspects of industrial, chemical, 
and nuclear projects.” He was born 
February 3, 1898, in Stamford, Conn., and 
studied electrical engineering at the Drexel 
Institute of Technology. He was employed 
by the Du Pont engineering department 
in October 1933 as an electrical draftsman 
and became designer of industrial elec 
trical systems. In 1939-42, he was assistant 
project engineer and had _ responsibility 
for electrical design direction of industrial 
projects valued at an estimated $5 million 
per year. During World War II, he was 
given the additional responsibility for the 
electrical design of several Chemical War 
fare Department projects. In 1942-44, he 
became design engineer and supervised 
the electrical design of industrial projects 
valued at an estimated $10 million per 
year. He was appointed to a new post, 
assistant principal electrical engineer, in 
1944, and in 1947 was named principal 
electrical engineer of the company and 
made responsible for design of all electric 
systems and facilities for the company’s 
industrial plants with over-all responsi 
bility of electrical design for Government 
nuclear plants. Under his direction, the 
Electrical Section of the Design Division 
contributed to the successful completion 
of two large nuclear plants, Hanford and 
Savannah River, more than two dozen 
major industrial factories valued in the 
order of $50 million each, and equivalent 
expansion of existing industrial facilities. 
Mr. Saunders has been instrumental in de 
veloping the organization to perform the 
vastly increased volume of high com 
plexity work and in increasing the ca 
pabilities of this organization. He is a 
registered professional engineer in the 
State of Delaware and served as chairman 
of the Professional Guidance Committee 
of the Delaware Engineering Association. 
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He has been a member of the AIEE In- 
dustrial and Commercial Power Systems 
Committee (1949-60). 


David Fears Tuttle, Jr. (AM ‘38, M '47), 
professor of electrical engineering at Stan- 
ford University, Stanford, Calif., has been 
transferred to the grade of Fellow in the 
AIEE “.. . for contributions to the theory 
and solution of electric networks.” He was 
born July 5, 1914, in Briarcliff Manor, 
N. Y. He studied at Amherst College and 
then at the Massachusetts Institute of 
Technology (MIT) from which he received 
the B.S. and M.S. degrees in electrical 
engineering in 1938 and the Sc.D. degree 
in 1948. During 1938-42, he was a member 
of the technical staff of Bell Telephone 
Laboratories where he worked on the 
design, construction, and testing of trans- 
mission networks. This included research 
and development. He was on active duty 
in the U. S. Navy as a radar officer in 
1942-45. He was in charge of maintenance 
of all ships’ radar on the U. S. S. Hornet 
in 1945. He was an instructor of electrical 
engineering at MIT in the Summer of 
1947. During 1948-53, he was associate 
professor of the electrical engineering 
faculty at Stanford University. Since 1953, 
he has been a professor at Stanford in 
charge of network theory and _ related 
courses. He has also taught electric cir- 
cuits, analysis and synthesis, and nonlinear 
systems. He has supervised the research 
of many Ph.D. candidates and has directed 
and taken part in government-sponsored 
research and the preparation of govern- 
ment reports. During the academic year 
1954-55, he was a visiting lecturer on 
electric network theory and related sub- 
jects on a Fulbright grant at the French 
Universities of Grenoble, Toulouse, and 
Nancy. He is the author of a book, pub- 
lished in 1958, entitled “Network Syn- 
thesis” that is definitive. Mr. Tuttle is a 
member of the _ Institute of Radio 
Engineers, the American Society for En 
gineering Education, Societe des Radio- 
electriciens, and Societe Francaise des 
Electriciens. He also belongs to Phi Beta 
Kappa, Tau Beta Pi, and Sigma Xi. 
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O. L. Allanson, Jr. (AM ‘49, M °59) has 
become factory manager of the Ohio Brass 
Company plant in Mansfield, Ohio. He was 
appointed assistant factory manager in 


1957. 


Elected to the board of governors of the 
National Electrical Manufacturers 
ciation at its 33rd annual convention 
were: D. E. Allen (AM '23), vice-president 
—sales, Anaconda Wire and Cable Com- 
pany, Hastings-on-Hudson, N.Y.; J. B. 
Cook (AM '33, M ’39), president, Reliable 
Electric Company, Franklin Park, UL; 
C. W. Higbee (M '37), assistant general 
manager, Electrical Conductor Division, 
Kaiser Aluminum & Chemical Corpo- 
ration, New York, N. Y.; and J. J. Mullen, 
Jr. (AM '39, M °48), president, Moloney 
Electric Company, St. Louis, Mo. 


Asso- 
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E. F. Anderson (AM '59) has been named 
district engineer for the Los Angeles 
Division of the Clark Controller Company. 
He had been employed by Clark for the 
last 9 years as an application engineer 
in the Cleveland office. 


G. R. Anderson, Jr. (AM '50, M °57) has 
been appointed general manager and di- 
rector of engineering and research of 
Howard Industries, Inc., Racine, Wis. He 
became associated with Howard Industries 
in February 1959 as assistant to the pres- 
ident. 


J. W. Ayers (M 43) has been named to 
the newly created position of director of 
military equipment sales in the Industrial 
Products Division of Automatic Electric 
Sales Corporation, a subsidiary of Gen- 
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eral Telephone & Electronics Corporation, 
at Northlake, Ill. Prior to this, Mr. Ayers 
was president of the Phillips Control Cor- 
poration of Joliet, Il. 


F. J. Bednarz (AM ‘39, M '51), Polaris 
development manager since 1957, has been 
promoted to the position of technical 
director in the Polaris missile system 
manager's office, Lockheed Missiles and 
Space Division. 


W. P. Bell (AM '47) has been appointed 
sales manager of small, medium, and 
marine units, steam turbine department, 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis. H. B. Cullom (AM '54) 
has been named to the Allis-Chalmers 
Industries Group district sales offices. An 
application engineer at Allis-Chalmers 
Boston Works since 1954, Mr. Cullom has 
been assigned to the company’s Indianap 
olis district office as a sales representative. 
W. L. Hopkins (AM '59) has been named 
to the Allis-Chalmers General Products 
Division as an assistant engineer in the 
pump department at Allis-Chalmers Nor 
wood Works. 


J. T. L. Brown (AM '21, M 55, Member 
for Life) has joined Gordos Corporation, 
Bloomfield, N. J., as head of exploratory 
development of mercury-wetted relays and 
dry-reed switches. He recently retired after 
44 years of research and development with 
Bell Telephone Laboratories and, pre 
viously, with Western Electric Company. 


J. L. Bugler (AM ‘54, M '59) of Vestal, 
N. Y., has been appointed staff engineer 
in flight test projects at the Owego, N. Y., 
facility of the Federal Systems Division of 
International Business Machines Corpora- 
tion (IBM). He was appointed associate 
engineer in October 1957. M. B. Diegert 
(AM '53) of Vestal has been appointed 
advisory engineer in advanced guidance 
systems at IBM Owego. Mr. Diegert be 
came staff engineer in applied research 
and advanced development in May 1957. 
R. F. Lovelett (AM '58) of Johnson City, 
N. Y., has been appointed staff engineer 
in flight test projects at IBM Owego. 
Since 1958, he had been associate engi 
neer. C. R. Yungkurth (AM '54) of Vestal 
has been named staff engineer in flight 
line test equipment at IBM Owego. He 
was first assigned at the Vestal Airborne 
Computer Laboratories as a draftsman in 
test equipment development engineering. 


W. H. Burleson (M °31), manager of the 
power utilities department of the Ohio 
Brass Company since 1937, has been ap- 
pointed consultant to the general sales 
department on extra-high-voltage trans- 
mission projects. Succeeding him as man- 
ager is P. M. Ross (AM '34, M '40), who 
has been associated with Ohio Brass for 
the last 25 years. His most recent position 
was manager of the Equipment Division 
of the power utilities department. 


Recipients of the 1960 Fellow award of 
the Institute of Radio Engineers include 
the following: J. F. Calvert (AM ‘27, F 
45), A. N. Curtiss (M °57), C. E. Dean 
(AM '23, F '55, Member for Life), A. C. 
Dickieson (M ‘41, F ‘'59), L G. Easton 
(AM “41, M °49), P. G. Edwards (AM '23, 
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F '59), G. J. Fiedler (AM ‘32, F '56), G. A. 
Fowler (AM ‘'42, M '55), R. W. Gilbert 
(AM '36), G. S. Glinski (AM '43, M ’53), 
R. K. Hellmann (AM ‘37, M ‘45), S. W. 
Herwald (AM ‘46, M ‘49), C. L. Hogan 
M '57), H. R. Huntley (AM '23, F ‘51, 
Member for Life), J. M. Manley (M '46), 
L. H. Montgomery, Jr. (AM ‘51, M '54) 
J. B. Moore (M ‘41), T. H. Morrin (M 
49), Franz Ollendorff (M '54), H. R. Reed 
AM ‘28, F °47), and E. A. Walker (AM 
‘$4, F 47) 


R. M. former general 
manager of the Atomic Energy Division of 


Casper (M ‘40) 


the Allis‘Chalmers Manufacturing Com 
pany, was recently elected vice-president 
and general manager of this division by 
the firm's board of directors 


D. F. Christensen (AM '55) has been named 
Electrical 
Product Engineering, of the Dow Corning 


assistant manager Section 
Product’ Engineering Laboratories, Dow 


Corning Corporation, Midland, Mich 


P. T. Coffin (M '27) has been appointed 
general manager of a newly established 
Structural Aluminum 
Company of America. He had been man 
ager of electrical industry sales since 1955 
He has served on the AIEE Transmission 
and Distribution Committee (1956-60) 


Division of the 


J. C. Creswell (AM ‘'47), former “Tall 
Tom” systems integration supervisor, Hoft 
man Electronics Corporation, Los Angeles, 
Calif., has been named operations director 
for Hoffman's ULD-1 “Tall Tom” pro 
gram 


Derio Dalasta (AM '47, M '55) has been 
named head of the switchgear depart 
ment’s new Static Relay Section of the 
A\llis-Chaimers Manufacturing Company, 
Milwaukee, Wis. For the last 2 years, he 
had been design group head, switchgear 
and d-c generator controls group of C 
Stellarator Associates, Princeton, N. J., a 
department of the Allis-Chalmers Atomic 
Energy Division. 


The appointment of new product man 
agers for the Rome, N. Y., Cable Division 
of the Aluminum Company of America 
has been announced. Appointed were 
F. R. Dallye (AM °'27, M ’33), product 
manager for electrical conductor accesso 
ries, and W. W. Knapp (AM ‘46), product 
manager for overhead transmission and 
distribution conductors. Mr. Dallye is now 
located in Pittsburgh, Pa. He had been 
assistant manager of electrical conducto1 
product sales since 1953. Mr. Knapp’s of- 
fice is in Rome. He joined the company 
in 1930 as a sales apprentice. 


J. J. Dempsey (AM '41), vice-president of 
Servomechanisms, Inc., and general man 
ager of the Mechatrol Division, has been 
named vice-president of the Long Island 
Electronic Manufacturers Council. E. H. 
Swanson (AM '45), president of Instruments 
for Industry, Hicksville, L. I., N. Y., former 
president of the council, will remain as 
an ex-officio member of the council’s 
board of directors for 1 year. 


P. C. Ebbers (AM °55) of Endicott, N.Y., 
has been appointed staff engineer in 
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AN/ASQ-38 Systems Integration at the 
Owego, N. Y., facility of the Federal Sys 
tems Division of International Business 
Machines Corporation (IBM). He had 
been associate engineer in systems inte 
gration since 1957. R. G. Baron (AM '59) 
has been appointed senior engineer and 
manager of navy systems engineering at 
IBM Owego. Mr. Baron began his asso 
ciation with IBM in 1955 as an associate 
engineer in systems research at the Owego 
facility 


W. H. Feldmann (M '44) has been elected 
a member of the Board of Directors of the 
Babcock Wilcox Company. He is presi 
dent and a director of Worthington Corpo 
ration, and is a member of the boards of 
the Fidelity Union Trust Company of 
Newark, N. J., and Tung-Sol, Inc. 


Suggested minimum design standards for 
both aluminum and copper connectors 
were developed for the National Electrical 
Manufacturers Association by a committee 
which included Eugene Gorin (AM ‘40, 
M '47) of the Memco Engineering and 
Manufacturing Company, Inc., and M. R. 
Monashkin (AM ‘°53) of the Burndy Cor- 
poration 


L. L. Grant (AM '53) has been named 
marketing manager of the semiconductor 
department of Westinghouse Electric Cor 
poration, Youngwood, Pa. He was for 
merly manager of the Machinery and 
Equipment Industry Section of the indus 
trial sales department. 


M. J. Gross (AM '53) has been appointed 
director of manufacturing, Consolidated 
Vacuum Corporation, Rochester, N. Y. 
He .had been vice-president for manufac 
turing of Tracerlab, Inc., and general 
manager of its subsidiary, Keleket X-Ray 
Corporation. 


W. W. Harger (AM ‘49) has joined the 
technical staff of the Technical Military 
Planning Operation of the General Elec 
tric Company's defense systems depart- 
ment at Santa Barbara, Calif. 


R. K. Hellmann (AM ’37, M ‘45) has 
been elected operating vice-president and 
technical director of Hazeltine Research 
Corporation, Plainview, L. IL, N. Y. He 
retains his position as assistant vice-presi 
dent of Hazeltine Electronics Division. He 
has served on the AIEE Communica 
tion Theory Committee (1955-60, chair- 
man 1957-59), Electronic and High Fre 
quency Instruments Committee (1956-60), 
and Communication Division Committee 
(1957-60). F. R. Lack (M 37, F °48) was 
recently elected a director and became a 
consultant to the research corporation. 
Mr. Lack is also a director of Hazeltine 
Corporation, parent organization of the 
research subsidiary. Hazeltine Corporation 
was founded in 1924 to develop the radio 
inventions of Alan Hazeltine (F 35, Mem- 
ber for Life), a professor of the Ste- 
vens Institute of Technology, who is cur- 
rently a consultant to Hazeltine Research 
Corporation. 


W. G. Hoover (AM '34, M '47), professor 


of electrical engineering at Stanford Uni- 
versity, has been appointed technical di- 
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rector of Granger Associates. Dr. Hoover 
has been director of Stanford’s Ryan 
High-Voltage Laboratory since 1957. He 
will retain an association with the uni- 
versity’s academic and research activities. 
Dr. Hoover has served on the AIEE Elec- 
trical Insulation Committee (1959-60). 


Cc. C. Horstman (AM '40) has been ap 
pointed manager of engineering and sales 
in the Westinghouse Electric Corpora 
tion's specialty transformer department at 
Greenville, Pa. 


K. B. Karns (AM '50) has been named 
chief of the Navigation Aids Electronic 
Engineering Section in the Air Navigation 
Facilities Division of the Federal Aviation 
Agency's regional headquarters at Kansas 
City, Mo. He has served on the AIEE 
Aero Space Transportation Committee 
(1959-60). 


P. C. Lamont (Arrit ‘54) has been as- 
signed by the Ohio Brass Company as 
district manager of its New York City of- 
fice. He will handle a number of accounts 
formerly served by D. H. Moore (AM '15, 
Member for Life) who retired September 
1, 1959. Mr. Lamont will also be respon- 
sible for the territory in New York State 
outside of New York City which he has 
covered since 1956. 


M. M. Lanes (AM '55) has been appointed 
quality control manager of Hi-G, Inc., 
Windsor Locks, Conn. He was formerly 
with the Hughes System Environmental 
Laboratories. 


J. J. McDonald (AM '49) and L. G. Crid- 
dle (AM '50) have been elected vice-presi- 
dents of Consolidated Systems Corporation, 
a subsidiary of Consolidated Electrody- 
namics Corporation. Mr. McDonald con- 
tinues as director of engineering and Mr. 
Criddle as director of operations for Con- 
solidated Systems. 


E. V. Noe (AM ‘'51), engineering depart- 
ment, Pacific Gas and Electric Company, 
has been appointed alternate for M. W. 
McLaren (AM 56) as San Francisco AIEE 
Section representative on the San Fran- 
cisco Advisory Committee for the Engi- 
neering Societies Personnel Service, Inc. 
Mr. McLaren, project engineer of Bechtel 
Corporation, will be in Schenectady, N. Y., 
for his company for the present. Mr. Noe 
has been elected assistant treasurer of the 
personnel service. 


W. W. Seifert (M '59) has been appointed 
assistant to the dean of the School of 
Engineering at the Massachusetts Institute 
of Technology (MIT). An associate pro- 
fessor of electrical engineering, Dr. Seifert 
has been active in teaching, research, and 
administration at MIT since joining the 
staff in 1944. Although he will continue 
to devote some of his time to teaching, his 
primary responsibility in his new post 
will be that of providing liaison between 
the dean’s office and the faculty of the 
School of Engineering incidental to the 
Ford Foundation program. 


E. M. Strong (AM '26, F '58), professor 


of electrical engineering, Cornell Uni- 
versity, was elected vice-president of the 
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U. S. National Commission on Iiumina- 
tion at the annual meeting held recently 
at State College, Pa. L. E. Barbrow (AM 
42, M '48) of the National Bureau of 
Standards was named treasurer. Elected to 
the executive subcommittee were: S. G. 
Hibben (AM '34, M °45), Montclair, N. J., 
and R. C. Putnam (AM '26, F '51), pro- 
fessor of electrical engineering, Case In- 
stitute of Technology. Mr. Strong has 
served on the AIEE Production and Appli- 
cation of Light Committee (1936-60, chair- 
man 1941-43). Mr. Hibben was a member 
of the AIEE Production and Application of 
Light Committee (1938-50, chairman 
1945-47) and General Applications Co 
ordinating Committee (chairman 1947-48). 
Mr. Putnam has served on the AIEE 
Production and Application of Light Com- 
mittee (1941-60, chairman 1951-53). 


E. R. Summers (AM 38, M '44) has been 
appointed manager of product engineering 
for Norton Laboratories, Inc., Lockport, 
N. Y. He was formerly with the General 
Electric Company as a_ designer, me. 
chanical engineer, product engineer, and 
tool engineer. 


M. E. Talaat (AM °51, M °58) has joined 
the Nuclear Division of the Martin Com 
pany to direct all research and develop- 
ment efforts in the field of energy con- 
version. 


M. G. Taylor (AM °31) has been appointed 
president and chief operations officer of 
International Power Company, Ltd., in 
succession to Frederick Krug (AM ‘17, F 
36), who has become chairman of the 
board and continues as chief executive of 
the company. Mr. Krug is also president 
of the parent company, Canadian Inter. 
national Power Company, Ltd. Mr. Taylor 
had been a director of both International 
Power and Canadian International Power 
since 1956. Except for the period 1955 
to date, in which he was general manager 
of the Nova Scotia Power Commission, 
his professional experience since 1927 was 
entirely with the International Power 
group of companies in Latin America. 
During 1938-55, he was president and 
general manager of the company’s operat- 
ing subsidiaries in Venezuela. 


Named as directors of BICC-Burndy, Ltd., 
the British firm formed recently to manu 
facture and sell electrical connectors in 
the British Commonwealth, were: A. G. 
Thomson (AM ‘44, M ‘'54) of Burndy 
Corporation, Norwalk, Conn., and R. A. 
Crook of BICC. Mr. Thomson had been 
chief engineer and works manager of 
Burndy Canada Ltd., a Canadian: subsidi 
ary of Burndy Corporation, and is now 
general manager of BICC-Burndy Ltd. Mr. 
Crook heads the Accessories Division of 


BICC, 


Paul Thorne (AM ’°54), formerly chief 
electrical engineer of the National Elec 
tric Welding Machines Company, has been 
named chief electrical and development 
engineer. 


F. F. Vaughan (M ’26) has been named 


executive vice-president of Ebasco Inter- 
national Corporation, the service subsidi- 
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ary of American & Foreign Power Com- 
pany, Inc. (AFP). Formerly a vice-presi- 
dent of the corporation, he retains his 
post as a company director. For 9 months 
recently, he was in Argentina as the AFP 
representative in proceedings before the 
chief justice of the Argentine Supreme 
Court. 


Seymour Weiner (AM '52) has been ap- 
pointed to the newly created post of 
product planning manager of the Sperry 
Semiconductor Division, Sperry Rand 
Corporation, South Norwalk, Conn. He 
went to Sperry from recent positions as 
chief electronic engineer, Olivetti Corpora- 
tion of America Research Center, and 
senior engineer at White Development 
Corporation. 


H. J. White (M °49) has been elected a 
director of Research-Cottrell, Inc. Dr. 
White was appointed director of re- 
search and development in November 
1958. 


J. B. Williams (AM ’43, M °52) has been 
appointed vice-president—engineering of 
Electronics Communications, Inc. He was 
previously director of weapons-system 
engineering for Philco Corporation. 


R. C. Wilson (AM 47, M '58) has been ap- 
pointed general manager of the General 
Electric Company’s radio receiver de- 
partment, Bridgeport, Conn. He had been 
manager of manufacturing and plant 
operations of the company’s distribution 
assemblies department in Plainville, Conn. 
He replaces W. P. Von Behren (AM '53), 
who was recently named general manager 
of General Electric’s Major Appliance Di- 
vision. 


John Winslow (AM '26 M '54) and Roy 
Stott, Jr. (AM °49) have been named chief 
engineers of the Electric Autolite Com- 
pany. Mr. Winslow is in charge of directing 
the starting motor section, and Mr. Stott, 
the generator section. 


E. M. Wolf (AM ’52) has been appointed 
chief electronics engineer, Dynatran Elec- 
tronics Corporation. He was formerly a 
project engineer with the Reeves Instru 
ment Corporation. 


F. M. Wood (AM °51) has been made vice 
president in charge of research and de- 
velopment of the Tuboscope Company, 
Houston, Texas. Prior to his promotion, 
Mr. Wood was chief design engineer for 
Puboscope. 


R. M. Wopat (AM ’37), president of Gen 
eral Telephone Laboratories, Inc., since 
1956, has become president of the General 
Telephone Company of Illinois, with head- 
quarters in Bloomington. F. D. Reese 
(AM °46, M '52), director of engineering 
for the General Telephone Service Cor- 
poration of New York, has become the 
new president of the General Telephone 
Laboratories in Northlake, Il!. General 
Telephone Laboratories, General Tele- 
phone Company of Illinois, and General 
Telephone Service Corporation are sub- 
sidiaries of General Telephone & Elec- 
tronics Corporation. 
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M. G. Young (AM ‘41), chairman of the 
University of Delaware’s department of 
electrical engineering, will direct an insu- 
lation research project at the University 
sponsored jointly by the Electronics Indus- 
tries Association, the American Society for 
Testing Materials, and the National Elec- 
trical Manufacturers Association. 


OBITUARIES 


Patrick Henry Adams (AM ‘Il, M ‘13, 
F ‘30, Member for Life), consulting en- 
gineer of Maplewood, N. J., died recently. 
He was born February 5, 1886, in Phoenix, 
S. C. Mr. Adams graduated from Clemson 
Agricultural College in 1906 with the B.S. 
degree in electrical and mechanical engi- 
neering, and in 1928 he received the elec- 
trical engineering degree. During 1906-09, 
he worked in the testing department of 
the General Electric Company, Schenec- 
tady, N. Y. In 1909, he entered the employ 
of the Public Service Electric Company as 
a wireman in the construction force. He 
was made foreman in a short time, and 
after about 9 months he became field en- 
gineer in charge of all electrical construc- 
tion, a position he held until 1917 when 
he became assistant engineer, Electrical 
Division, engineering department. He was 
electrical engineer during 1922-28, and 
when the company was merged in 1928 
with the United Gas Improvement Con- 
struction Company, Day & Zimmerman, 
and Dwight P. Robinson, Inc., to form 
United Engineers & Constructors, Inc., he 
continued in charge of the electrical en- 
gineering department of the Public Service 
Production Company Division of the new 
organization until the dissolution of that 
company in 1930. He continued as elec- 
trical engineer of the Newark Branch, 
United Engineers & Constructors, Inc. He 
served on the following ATEE Commit- 
tees: Industrial and Domestic Power 
(1919-24); General Power Applications 
(1924-26); Automatic Stations (1927-30); 
Electrical Machinery (1935-38); and Board 
of Examiners (1938-60, chairman 1950-52). 


Karl Andre Auty (AM ‘12, M ‘17, Member 
for Life), chairman of the Chicago Sec- 
tion, AIEE, in 1926-27, died recently at 
the age of 81. Prior to his retirement in 
1946, Mr. Auty was senior sales represent 
ative in the electricity sales department 
of the Commonwealth Edison Company. 
He was born July 16, 1878, in Yorkshire, 
England. He studied at the Sorbonne 
University, Paris, France, and at Victoria 
University, Nottingham, England. In 1899, 
he entered the Brush Electrical Engineer 
ing Company, Ltd., Loughborough, Eng- 
land. During January through July 1906, 
he was employed by Samuel Buckley, 
Styrian Steel Works, Sheffield. He rejoined 
the Brush company in 1906 as representa- 
tive and erecting engineer in Japan. In 
1909, Mr. Auty was employed by the 
British Columbia Electric Railway Com- 
pany, Ltd., Vancouver, B. C., as chief il 
luminating and power engineer. From 
1915 until his retirement, he was em- 
ployed by Commonwealth Edison Com- 
pany, Chicago, Ill. He served on the AIEE 
Applications to Iron and Steel Production 
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Committee (1932-34) and Transportation 
Committee (1933-34). 





Conway Studios 


O. E. Buckley 


Oliver Ellsworth Buckley (M ‘19, F ’29, 
Member for Life), former president and 
chairman of the board of Bell Telephone 
Laboratories, died recently at the age of 
72. A native of Sloan, lowa, he was born 
August 8, 1887, received the B.S. degree 
from Grinnell College in 1909, and the 
Ph.D. degree in physics from Cornell 
University in 1914. After serving on the 
Grinnell and Cornell faculties, he joined 
the Western Electric Company in 1914 as 
a research physicist. During World War 
I, in 1917-18, he was a major in the U.S 
Signal Corps. He returned to Western 
Electric and when the company’s engi 
neering department became Bell Labora 
tories in 1925, he was appointed assistant 
director of research. In 19338, he was 
named director of research, and in 1936 
executive vice-president of the company 
He served as president of the Bell Labora 
tories from 1940 to 1951, when he was 
elected chairman of the board, a post he 
held until his retirement in August 1952 
Among his outstanding contributions was 
his pioneering work in submarine teleph 
my. The transoceanic telephone cables 
which now connect the continental United 
States with Europe, Hawaii, Alaska, and 
Cuba owe their origin to the inspiration 
of Dr. Buckley's early research. He was a 
member of the General Advisory Com 
mittee of the Atomic Energy Commission 
during 1948-54, was first chairman of the 
Science Advisory Committee of the Office 
of Defense Mobilization, and was a mem 
ber of the National Inventors Council 
He received the Medal for Merit, the 
nation’s highest civilian award, in recog 
nition of his contributions during World 
War II. Dr. Buckley was granted 43 pat 
ents for his inventions. He was a Fellow of 
the American Physical Society, the Ameri 
can Association for the Advancement of 
Science, the Acoustical Society of America 
and the American Academy of Arts and 
Sciences. He was a member of the 
National Academy of Sciences, the New 
York Academy of Sciences, the Franklin 
Institute, and the American Philosophical 
Society. He was also a member of Phi 
Beta Kappa, Sigma Xi, and Phi Kappa 
Phi. He was a member of the Engineer 
ing Foundation Board in 1938-50 and 
served on committees for the Case Insti 
tute of Technology, and Columbia, Harv 
ard, Princeton, and Cornell Universities. 
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He was a trustee of the Thomas Alva 
Edison Foundation. He held honorary 
doctor’s degrees from Grinnell College, 
Columbia University, and the Case Insti 
tute of Technology. Dr. Buckley was 
awarded the Edison Medal of the AIEE 
in 1954. During 1946-48, he was District 
3, AIEE, vice-president, and served on the 
following AIEE Committees: Electro 
physics (1926-37, chairman 1929-31); Basic 
(1946-48); Research (1934-40); 
Charles LeGeyt Fortescue Fellowship 
(1989-45 chairman 1941-45); Finance 
(1946-47); Edison Medal (1944-49); Tech 
nical Program (1945-47); Meetings and 
(1929-31); Executive (1946-48); 
Communication and Science Co-ordinat 
ing (1947-48); and Hoover Medal Board 
of Award (1956-61) 


Sciences 


Papers 


Lindell Lloyd Crump (M ‘32, F ‘42), a 
former chief engineer and vice-president 
of the James R. Kearney Corporation, 
died recently. He was born July 20. 1891 
in Centralia, Mo., and received the B.S 
degree in electrical engineering from the 
School of Engineering, University of Mis 
souri, in 1915. In 1914-15. he was an 
apprentice for the Emerson Electric 
Company, St. Louis, Mo. During 1915-30, 
he was employed by the Union Electric 
Company of Missouri, St. Louis, on in 
ventory field survey, distribution record 
work, and distribution construction stand 
ards and materials standards. In 1930-91 
he was a design engineer for W. N. Mat 
thews Corporation, St. Louis. He became 
design engineer for James R. Kearney 
Corporation in 1931 and was advanced in 
ensuing years to sales engineer and vice 
president and chief engineer. 


Friend Hans Kierstead (AM ‘15, M ‘29 
F "49. Member for Life), former electrical 
engineer at the General Electric Com 
pany, Pittsfield, Mass., for more than 40 
years, died recently. He was born Octo 
ber 3, 1885, in Warners, N. Y.. and was 
graduated from Michigan State College 
in 1909 with the B.S. degree in electrical 
engineering. In 1910-13, he was a testing 
engineer for the General Electric Com 
pany, Schenectady, N. Y. He went to 
General Electric in Pittsfield in 19138 to 
take charge of reactor engineering and 
development. During 1913-46, he was a 
developmental engineer in the 
Engineering Division; in 
1946-48, assistant section engineer of the 


Power 
Transformer 


division; and in 1948, he became section 
engineer of the division. 


Linus E. Kittredge (M ‘40, F ‘47), in- 
ventory and costs engineer of the Ameri 
can Telephone and Telegraph Company 
(AT&T), died recently at the age of 61. 
He was born September 27, 1898, in Lock 
port, N. Y. He studied electrical engineer 
ing at Cornell University and joined 
AT&T's development and research de 
partment in 1920, where until 1934 he did 
design work mainly on the panel dial 
telephone system. During 1934-39, he was 
an engineer for Bell Telephone Labora 
tories, Inc., where he worked on the de 
velopment of crossbar dial equipment. In 
1939-41, he was an engineer for AT&T, 
and later became equipment and _build- 
ing engineer for AT&T in charge of staft 
work on telephone central office equip- 
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ment and maintenance, telephone station 
equipment, and telephone company build- 
ings. He became inventory and costs en- 
gineer in 1955. 


John Paul Oliver (AM "52, M '54), electro- 
chemical engineer with the National Car- 
bon Company, Cleveland, Ohio, since 
1944, died recently. He was born October 
17, 1908, in Henderson, Iowa, and studied 
at the State University of Iowa. In 1940- 
14, he was a research engineer and plant 
superintendent for the Cardox Corpora- 
tion, Chicago, Ill., after which he joined 
the National Carbon Company, a division 
of Union Carbide and Carbon Corpora- 
tion. He was a member of the American 
Institute of Chemical Engineers, the 
American Chemical Society, the Electro- 
chemical Society, and the National Asso- 
ciation of Corrosion Engineers. He served 
on the AIEE Chemical Industry Com- 
mittee (1956-60). 


Robert Frank Ryon (AM '53), supervising 
design engineer, Commonwealth Edison 
Company, Chicago, Ill., died recently. He 
was born September 21, 1909, in Blue 
Island, Il. He received the B.S. degree in 
electrical engineering in 1931 from the 
Armour Institute of Technology. During 
1940-48, he was electrical design draftsman 
for the Public Service Company of North- 
ern Illinois. In 1948-53, he was electrical 
design engineer for the company, and in 
1953, he became supervising design en 
gineer. He was a registered professional 
engineer of the State of Illinois. Mr. Ryon 
served on the AIEE Protective Devices 
Committee (1957-60). 


William Henry Timbie (AM ‘10, M ‘12, 
F '24, Member for Life), professor emeri- 
tus of electrical engineering and industrial 
practice at the Massachusetts ...Institute 
of Technology (MIT), Cambridge, Mass., 
died recently at the age of 82. He was 
born August 20, 1877, in Pittsfield, Mass. 
A Phi Beta Kappa of Williams College 
in 1901, he majored in ancient and mod- 
ern languages. In 1902-11, he taught 
physics and industrial electricity at Pratt 
Institute, Brooklyn, N. Y. In 1911-18, he 
became head of the applied science de- 
partment, Wentworth Institute, Boston, 
Mass. During World War I, he was editor- 
in-chief of the War Department Commit 
tee on Education and Special Training. At 
the close of the war, he joined the MIT 
faculty. During 1919-23, he was associate 
professor of electrical engineering and 
industrial practice at MIT, and in 1923, 
he was advanced to professor. Professor 
Timbie was the author of “Elements of 
Electricity” and coauthor of “Principles of 
Electrical Engineering.” He was ATER 
vice-president in 1934-36 and served on 
the following AIEE Committees: Student 


Branches (1925-36, chairman 1929-33); 
General Power Applications (1924-30); 
Education (1929-33); Sections (1929-41, 


chairman 1936-38); Co-ordination of In- 
stitute Activities (1936-38); Publication 
(1936-38); Special Committee for Con- 
sideration of the Broadening of Institute 
Activities (1936); Special Committee on 
Institute Activities (1936-37); Special Com- 
mittee on Joint Conference on Student 
Activities of Districts 8 and 9 (1937-38); 
and Institute Policy (1938-42). 
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BIAX— 


Advanced Electronic Computer Elements 


A NEW CONCEPT in high-speed com 
putation has been disclosed by Aeronu- 
tronic, a division of Ford Motor Company, 
Newport Beach, Calif., with introduction 
of BIAx, a magnetic computer element 
which is capable of multimegacycle per- 
formance in logical networks and memory 
arrays. 

The Biax element is a small rec- 
tangular bar of ferrite magnetic material 
measuring 50 by 50 by 85 mils. Its appli- 
cation now makes possible the achieve- 
ment of reliable high-speed computing at 
a reasonable cost 


Basic Concept 


The basic concept employed by Brax 
is that of flux interference between ortho- 
gonal magnetic fields. This is accomplished 
by means of two 20-mil orthogonal holes 
through the element. [he flux interference 
takes place in the magnetic material be- 
tween the holes. Because of the ortho- 
gonality, no normal magnetic coupling 
occurs between conductors associated with 
the two holes in the materials 

By controlling the spacing between the 
holes, the flux interference techniques can 
be made either destructive or nondes- 
tructive. Memory applications employ the 
nondestructive Biax element, whereas 
logical circuitry makes use of the destruc 
tive Biax element. 

In the memory element, one of the or- 
thogonal holes acts as the storage axis 
while the other hole acts as the non- 
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destructive interrogate axis. The Btax 
logical element employs the same ortho 
gonal hole technique, with the exception 
that the holes are placed extremely close 
together. 

Functioning as a memory element, 
Biax permits the reliable and economic 
realization of a very rapid random access 
memory unit. The elements have been 
interrogated over 100 billion times at a 10- 





A TYPICAL BIAX ARRAY for an electronic 
digital computer memory unit, this printed 
circuit card contains more than 300 BIAX 
elements. Multiples of such printed circuit 
cards are mounted adjacent to one another 
in a@ computer to provide large memory 
capability. 


Of Current Interest 





URRENT INTEREST 





AMINUTENESS OF BIAX is shown in 
this photo of several hundred of the new 
computer elements with a nickel. More 
than 5,000 can be held in the palm of 
your hand, and 310,000 will fit m a quart 
milk carton. BIAX, which was developed 
by Aeronutronic, a division of Ford Motor 
Company, ws now tm mass production. 


mc rate with no toss in output signal, 
indicating true nondestructive readout 
and low heating. 

In addition to tts ultra-high-speed 
memory capabilities, the new memory 
element permits operation under extreme 
environmental conditions. A Bax mem- 
ory array has been operated for 8 hours 
at 125 C. Extensive environmental tests 
indicate that arrays can be fabricated 
which will operate in the vicinity of the 
Curie temperature of the ferrite used 
in their manufacture. 

Iypical computer logical elements in- 
volve both gating elements and storage 
elements (flip-flops). Both types of logical 
elements have been successfully built and 
tested employing the B1ax principle 

High-speed operation up to 20 me 
per second has been achieved by the use 
of these elements. Operational memory 
circuitry and logical circuitry have been 
fabricated and operated at 2-mc 

Using the new concept, it is now possi- 
ble to achieve computational equipment 
where the memory access time is properly 
matched with the logic processing speeds. 

Biax elements are currently being pro- 
duced by mass production techniques. 

In production, Biax computing equip- 
ment will be considerably cheaper than 
current equipment. This arises primarily 
because of the economies achieved in 
the logical devices where relatively 
cheap Btiax elements will replace ex- 
pensive semiconductor devices. Present 
estimates indicate the cost saving will be 
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at least a factor of 10 with regard to 
logical devices 

Because of their favorable environmental 
characteristics, Biax eclements may be 
densely packed and, thus, permit achieve- 
ment of extremely small volume, consider 
ably smaller than is possible with semi 
A total of 200 flip- 
flops and 3,000 gates—the equivalent of 


conductor techniques 


15,000 to 20,000 semiconductors—can be 
packaged in 4, of a cubic foot 

The application of Biax techniques 
will reduce the number of solder connec 
tions in a typical computer by a factor of 
10 to 100, because many of the elements 
may be linked by a single wire, thus 
avoiding the large number of solder joints 
necessary when semiconductor devices are 
used, The number of connectors will also 
be reduced by a factor of 10 or more. 

Because of the smaller currents re- 
quired to operate the Biax memory, the 
total power which is required to achieve 
a given computational speed is materially 
reduced 

Reliability of the elements is high. 
Che basic passive nature of Btax plus 
its general rugged physical nature and 
insensitivity to temperature generally en 
hances the reliability by a large factor 

The Biax concept and the associated 
digital computer 
vented by C. L. 


research for 


components were in- 
Wanlass, director of 
Aeronutronic’s Computer 
Operations 


Biax techniques are currently being ap- 


Su persensitive 


ENLARGED microscopic photograph lfinset) of 
a BIAX memory element shows details of 
wiring in the tiny, advanced new computer 
component which has been developed by 
Aeronutronic. 


plied by Aeronutronic to a number of air- 
borne and ground-based military projects 
where multimegacycle data processing is 
required 


Image Orthicon Tube Developed 


A SUPERSENSITIVE television camera 
tube which will widen the scope of black- 
and-white television, and which promises 
to extend the general application of 
color television has been developed by the 
General Electric Company (GE) 

The new image orthicon tube, type 
GL-7629, is physically and electrically in- 
terchangeable with standard camera tubes. 
It requires from 1/10 to 1/20 the light 
required by standard image orthicons, 
either black-and-white or color. It can 


THE GL-7629 image orthicon tube, developed 
by General Electric for color and black-and- 
white broadcasting and closed-circuit appli- 
cations. New tube requires up to 10 times 
less light than standard image orthicons, of- 
fers greater resolution and depth of focus. 
Longer life is anticipated because of marked 
resistance to the problems of ‘‘stickiness"’ 
end “burn-in.” 
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produce pictures of usable black-and-white 
quality at 1 foot candle of scene illumina- 
tion or less, compared to the 10 foot 
candles required by standard black-and- 
white image orthicons at the same camera 
lens setting. 

The supersensitivity of the image orth- 
icon tube will permit for the first time 
the origination of studio colorcasts under 
normal black-and-white lighting levels 
Ihe extremely high lighting requirements 
(400 foot candles and higher) of standard 
color image orthicons have been one of 
the barriers to the wide-spread applica- 
tion of color programming. Removal of 
this barrier will also make possible color- 
casts from sports arenas, auditoriums, and 
light-equipped ballparks without the ad- 
dition of special lighting, since the new 
tube produces quality color pictures with 
light levets as low as 40 foot candles. Color 
television, now in its 5th year, has been 
chained to specially equipped studios—ex- 
cept for outdoor events in bright sunlight 
—because of the economic obstacle of 
properly lighting night and indoor sports 
events and other “remotes.” 

J. F. McAllister, general manger of the 
company’s power tube department, called 
the new tube a major advance in camera 
tube design and said it now gives color 
television most of the programming flexi- 
bility of black-and-white television. 

He pointed out that color-equipped 
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stations will be able to reduce operating 
costs sharply, and that many of the na- 
tion’s more than 1,000 black-and-white 
studios could be converted to color with- 
out significant investment for additional 
lighting and air-conditioning equipment, 
or electric power. In addition, performers 
will no longer be subjected to the “bake- 
out” temperature of a set illuminated by 
400 foot candles and higher. 

The extreme sensitivity of the GL-7629 
results mainly from a high-gain, thin-film 
target of magnesium oxide approximately 
2 millionths of an inch thick. It is approx- 
imately 1/100 of the thickness of the tar- 
gets used in conventional camera tubes 
If 1,500 of the thin-film targets were 
stacked, they would equal the thickness 
of a single human hair. 


Resists “Stickiness” and ‘‘Burn-In” 


For many years, scientists have endeav- 
ored to improve the targets of conven- 
tional image orthicon tubes. All such tar- 
gets ultimately become “sticky’—that is, 
they retain the image for longer and 
longer periods of time. When this “sticki- 
ness” becomes noticeable by causing im- 
ages of a previous scene to smear over 
the new scene, the tube must be retired. 
Stickiness has been a major reason for 
tube replacement. 

Another limitation of conventional tar 
gets has been their susceptibility to per 
’ which is 
caused by aiming the camera at a bright. 
stationary highlight for too long a time 
When this happens, the target acquires a 
permanent after-image or “burn” which 
is evident in all transmitted pictures from 
that time on. Burn-in has been another 
reason for tube replacement. 

Unlike conventional targets, targets in 
the new GL-7629 utilize a different prin- 
ciple of conduction, Conventional targets 
rely on ion conduction. Because this con 
duction is irreversible, the ions are ulti- 
mately exhausted and the useful life of 
the tube is ended. 

The GE target, however, uses electron 
conduction. This is a reversible process, 
and the life of a tube is not limited by the 
exhaustion of charged carriers. Thus, the 
problems of stickiness and burn-in are 
virtually eliminated so that expected tube 
life is appreciably extended. 

The GL-7629 is capable of 25 to 50% 
more resolution than present image orthi- 
cons, The extreme thinness of the new 
target inhibits sideways leakage, thus pre- 
venting loss of resolution. Moreover, its 
supersensitivity allows improved depth 
of focus, since the lens opening at normal 
light levels may be stopped down. While 
the normal network transmission band- 
width of 325-350 lines limits use of this 
extra resolution in daily television fare, 
it can be used to advantage with special- 
purpose camera chains for military and 
industrial applications. 

Questioned on the alleged ability of 
414-inch targets, recently imported from 
Europe, to give improved performance, 
GE engineers asserted that the larger tar- 
get is still of conventional construction; 
they foresee no improvement in resolu- 
tion, and point out that such targets will 
have problems with stickiness, burn-in, 


manent damage from “burn-in,’ 
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and sensitivity common to all conventional 
targets. 


Dramatic Lighting Effects Possible 


The new tube also makes dramatic 
lighting effects in color television easier 
and more economical. Because they will 
be working at or below present black- 
and-white light levels, television directors 
will be able to achieve the same lighting 
effects now used in black-and-white tele- 
casts. While key-lighting is possible now 
with present color camera tubes, it re- 
quires the addition of very powerful spot- 
lights to overcome the high overhead il- 
lumination or base-lighting which nor- 
mally washes out all shadows. 

Actual application of the new tube was 
initiated by WLW-T, Cincinnati, Ohio. 
After successfully testing the tube, the 
Station originated the first colorcasts of 
professional basketball games over a major 
network on November 21 and 22. The 
station also has scheduled 10 Cincinnati 
night baseball games during 1960. 

R. E. Dunville, president of the Crosley 
Broadcasting Corporation which operates 
WLW.T, has hailed the new tube as “the 
greatest single step (in television) since 
the advent of color.” 

Several other stations have ordered the 
new tube for black-and-white and color 
evaluation in their own television studios. 
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SENSITIVITY of new General Electric GL-7629 image orthicon tube is shown in “‘before-and- 
after’ photos above—one at left using the standard 5820 1.0 and one at right the GL-7629. 
Depth of focus is indicated in photos below—one at left using the standard 5820 1.0 and 


one at right the GL-7629. 





METAL SORTER (above) is able to identify 
quickiy and easily metals that look alike. 
The simple, inexpensive device, developed at 
the Knolls Atomic Power Laboratory, is a 
standard milliammeter with two leads—one 
ending in a clamp and the other in a small 
carbon steel file. Metals are tested by at- 
taching the clamp to them and then rubbing 
them with the file. This action generates a 
tiny currem which causes the meter pointer 
to indicate on a special dial the kind of 
metal being tested. Right: Schematic diagram 
of metal sorting device. The Mechanical 
Equipment Development Section developed 
and made six models of the device for $300. 
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Simple Device Sorts 
Metals which Look Alike 


A unique device which sorts differem 
metals that look alike without costly, time 
consuming, and complicated testing has 
been developed at the Knolls Atomic 
Power Laboratory (KAPL) 

he simple, inexpensive tester, which 
can be used by anyone without special 
training, quickly differentiates between 
inconel and stainless steel, zircaloy-2 and 
zirconium, and zircaloy-2 and hafnium. 

These nonmagnetic metals are widely 
used in components for naval reactors 
being developed by KAPL, which is 
operated by General Electric Company for 
the Atomic Energy Commission. 

Che device, developed by George Martin 
of KAPL’s Mechanical Equipment De- 
velopment Section, consists of a standard 
milliammecer with two leads—one ending 
in a clamp and the other in a small car 
bon steel file. Metals are tested by simply 
attaching the clamp to, and rubbing the 
file briskly against, the metal whose 
identity is in doubt. 

The rubbing of the file generates a tiny 
current, about 5 to 10 milliamperes for 
inconel or stainless steel, which causes the 
meter pointer to indicate on a_ special 
dial the kind of metal being tested. 

The device works because the polarity 
(electric charge) of stainless steel is differ- 
ent from the polarity of inconel, in respect 
to carbon steel. This also holds true for 
zircaloy-2 and zirconium, and zircaloy-2 
and hafnium. 

The tiny current which operates the 
miiliammeter is a result of the thermo- 
electric effect. The friction between the 
file and test sample causes a_ localized 
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hot spot. The hot junction between the 
file and sample is sufficient to produce a 
readily measureable current. 

Another application for the device, 
which Mr. Martin feels may prove almost 
as important as its metal sorting ability, 
is as a thermocouple tester. Thermo 
couples are widely used in both the nu 
clear and chemical industries, and can be 
easily hooked up incorrectly. The device 
however, can be used to determine the 
polarity of thermocouple leads during 
installation to assure that they are hooked 
up properly, and also to check out the 
circuit. If no polarity is indicated, the 
circuit is not complete. 

The new device was developed because 
made of 
both inconel and stainless steel, and the 


many reactor components are 


two metals look so much alike that it is 
easy to mix them up during fabrication 
Stock left over from a job can easily lose 
its identity and be returned to the wrong 
stock areas 

Although the metals look alike, they 
have different physical properties. The 
inconel parts are used in certain areas 
because of their corrosion resistance and 
ability to withstand high temperatures, 
while stainless steel components are used 
in other areas where these factors are 
less critical. 

As a further refinement, Mr. Martin has 
incorporated a small magnet in the handle 
of the file which holds it to the meter 
and also can be used to detect carbon 


steel which is magnetic 


Travel Grants for 
Congress on Microwave Tubes 


Ihe National Science Foundation will 
award individual grants to defray partial 
travel expenses for a limited number of 
American scientists participating in the 
International Microwave 
Tubes, Munich, West Germany, June 7-11, 
1960 

An attempt will be made to have the 
grants approximate round-trip alr-tourist 
fare between the scientist’s home institu 


Congress on 


tion and the location of the meeting. 

Application blanks may be obtained 
from the Division of Mathematical, Physi 
cal, and Engineering Sciences, National 
Science Foundation, Washington 25, D. C. 
Completed application forms must be sub 
mitted by March 31, 1960. 


Rocket’s Exhaust Heat 
Is Turned to Electric Power 


An electronic generator with no moving 
parts, designed to convert the heat of a 
rocket exhaust directly to electric power 
to run steering controls of a rocket or 
guided missile, was announced recently by 
the Radio Corporation of America (RCA) 
and the Hunter-Bristol Division — of 
TPhiokol Chemical Corporation. 

the new device, a developmental RCA 
tube of the type known as a thermionic 
generator, has already produced up to 270 
watts of power directly from a high-tem- 


170 





AN ELECTRONIC SYSTEM with no moving 
parts that converts the heat of rocket exhaust 
directly into electric power to run the steering 
controls and electronic equipment of a rocket 
or guided missile has been developed by 
RCA and the Hunter-Bristol Division of Thiokol 
Chemical Corporation. System consists of spe- 
cial thermionic generator tube (above) in the 
shape of a hollow cylinder which fits like a 
sleeve over the flame tube attached to a 
solid-fuel rocket motor in a special test 
mount. Heat from burning fuel is converted 
directly to electricity by the thermionic gen- 
erator, which supplies power through wire 
leads to measuring equipment used during 
tests. 


perature heat source—an output of nearly 
80 watts per pound of its 314-pound total 
weight. Coupled to a Thiokol solid-fuel 
rocket motor in a special test mount, the 
tube has generated useful levels of power 
directly from the rocket exhaust heat 
during preliminary evaluation tests 

According to RCA and Thiokol engi 
neers, the results of the tests with both 
simulated and actual rocket heat sources 
have shown the feasibility of using thermi 
onic tubes as efficient and lightweight gen- 
erators to produce the electric power re- 
quired in large missiles and satellite 
launching vehicles during the critical 
launching and upward flight stages. They 
pointed out that such devices could power 
the steering mechanism of the rocket as 
well as the guidance, telemetering, and re 
lated electronic equipment of a missile 
throughout the operating life of the rocket 
motor. 

Ihe principles of the new tube were de 
veloped at RCA’s David Sarnoff Research 
Center, Princeton, N.J., by Dr. K. G 
Hernqvist and a group of associates of 
the RCA Laboratories technical staff. The 
experimental device employing these prin 
ciples in the tests was developed jointly 
by Dr. Hernqvist and F. H. Corregan, at 
RCA Laboratories, and engineers of the 
RCA Electron Lube Division under F. G. 
Block, at Lancaster, Pa 

The present experimental RCA tube 
has the form of a hollow cylinder. In the 
Chiokol test facility, it slips like a sleeve 
over the rocket-flame tube through which 
the burning fuel passes. The method of 
operation was described in the following 
way. 

The device bears a family resemblance to 
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conventional 2-element electron tubes, or 
diodes, in having a cathode from which 
electrons are “boiled” by the application 
of heat, and another electrode to which 
these electrons flow to produce an elec- 
trical output. 

In the experimental tube for rocket ap 
plication, the cathode is formed by the 
inner wall of the hollow cylinder, while 
the second electrode is formed by the 
outer wall. Between the two walls is a 
narrow space filled with cesium vapor 

When the cathode wall is heated by the 
burning rocket tuel in the flame tube, 
electrons are “boiled” out of the cathode 
material and into the space between the 
two walls. The cesium vapor that occupies 
this space becomes ionized upon contact 
with the hot cathode. and encourages the 
easy flow of electrons to the outer wall 
The electric power that is generated by 
this process is fed to the rocket steering 
control mechanism or to electronic ap 
paratus by means of cables attached to 
the cathode and the second electrode 

Dr. Hernqvist pointed out that the size 
and shape of the experimental tube were 
designed specifically tor the Thiokol test 
installation in order to study the feasibil 
ity of the system. He said that the design 
of eventual operating types of thermionic 
venerator tubes would vary in accordance 
with the various designs of the rockets in 
which they might be used. He added that 
the operating principles of the tube are 
identical to those demonstrated in earlier 
experimental thermionic generator tubes 
developed at RCA Laboratories for the di 
rect conversion of the sun’s heat to elec 
tric energy 


Awards for 


Essays on Gravity 


Five awards tor short essays for the pur 
pose of stimulating thought and encom 
aging work on harnessing gravity are being 
offered by the Gravity Research Founda 
tion 

The awards will be made on June |, 
1960, for the best 1,500-word essays on the 
possibilities of discovering a) some 
partial insulator, reflector, o1 absorber of 
gravity; or (b) some alloy, or other sub 
stance, the atoms of which can be agitated 
or rearranged by gravity to throw off heat, 
or (c) some other reasonable method ot 
harnessing neutralizing 
gravity. (The essay may be less than 1,500 


controlling, or 


words; but if it is more, the judges have 
the right not to accept it.) 

The awards will be as follows: first, 
$1,000: second, $300; third, $200; fourth 
$150; and fifth, $100 

Essays must be received by the Gravity 
Research Foundation before April 15, 
1960. They will be accepted from anyone 
who is seriously interested in the appli- 
cation of gravity to practical uses for the 
benefit of humanity. 

All essays must be typewritten in Eng- 
lish on paper 11 by 81% inches. with two 
carbon copies. 

The decision of the judges will be final 
and all essays and copies will become the 
property of the Foundation. The judges 
will give preference to essays which have 
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been written especially for these awards. 

A title covering the area of thought ex- 
pressed in the essay, and a summary para 
graph of 100 words or less on a separate 
sheet should be provided. 

Also attached should be a short  bio- 
graphical sketch for use by the press in 
case an award is earned. 

Address: Gravity Research Foundation, 
New Boston, N. H., G. M. Rideout, Presi 
dent. 


Transmission Line Survevors 


Measure Distance by Electronics 


Engineers have applied a new surveying 
technique for the first time to transmission 
line surveys and produced signficant sav 
ings in time and costs 

On a recent assignment, the engineering 
department of Potomac Edison Co. ap 
proved use of the new “Tellurometer” 
system for establishing horizontal control 
preparatory to mapping a band of ter 
rain for location purposes. The electronic 
distance-measuring device enabled the 
surveyors to complete their job in a frac- 
tion of the time that traditional taping 
or triangulation methods would have re- 
quired. 

The project was to determine location 
for a 26-mile transmission line between 
Frederick, Md., and Millville, W. Va 
Potomac Edison called in Air Survey Cor- 
poration, of Arlington, Va., to survey the 
route, put in the necessary control points, 
and map it. The photogrammetry firm 
proposed to produce the specified contour 
by aerial photogrammetric methods. Be- 


ENGINEERS using the new electronic ‘“‘Tel- 
lurometer” system of ing distance can 
be miles apart and out of sight of each other. 
Here a surveyor is operating the small trans- 
mitter, sending microwaves to a distant re- 
ceiver and taking the readings. The time it 
takes the radar waves to make the round 
trip regis'ers on the instrument in millemicro- 
seconds, which, in turn, are quickly translated 
into miles, feet, and inches. Using the Tel- 
lurometer technique, gi s can e 
distances in 10 minutes that would take sev- 
eral days by traditional triangulation or tap- 
ing. System has a maximum error of only 11 
inches in 40 miles. 
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fore the route could be flown and photo- 
graphed from the air, however, it was 
necessary to establish a number of stra- 
tegic controls along the line, points of 
known elevation, and distance from each 
other 

By traditional methods, a survey party 
would have taped the distance between 
“stations” on the ground. Considering that 
the line crossed three high mountains 
and the Potomac River, this method 
would have taken weeks. An alternate 
method called triangulation would have 
required the party to establish a wide net- 
work of points, to measure the angles, 
and then compute the distance between 
points geometrically. 

Air Survey Corporation decided instead 
to try the Tellurometer system which 
measures distance directly by means of 
high-speed microwaves. 

The experiment proved highly success- 
ful. The Potomac Edison project required 
the establishment of 10 pairs of intervisi- 
ble horizontal control points through the 
band to be mapped. An Air Survey Cor- 
poration survey party of three men com 
pleted this assignment in 10 days. Tradi- 
tional metheds would have taken five men 
at least 30 days, the mapping firm esti- 
mated. 

The measurements were accurate to one 
part in 15,000, the surveyors found, well 
in excess of that specified for the location 
map. 

The manufacturer of the Tellurometer 
claimed the system is capable of measur- 
ing distances from 500 feet to 40 miles. 
The longest “shot” on the Potomac Edi- 
son job was 103,440.15 feet (slightly more 
than 1914 miles). 

[he portable system consists of two 
units, one a master unit (transmitter); 
the other a remote unit (receiver). The 
instrument records the time it takes a 
series of impulses to make the trip from 
master to remote and back. This is easily 
converted into miles, feet, and decimals 
of feet. 

It took the surveyors only about 30 
minutes to measure a line, including 
mounting the instruments at both ends. 


Highway Information Services, Washington, 


AT THE RECEIVER, another operator converses 
freely across the miles by radiophone. The 
receiver is almost identical to the tr itter, 











Future Meetings of Other Societies 


ASHRAE, Semiannual Meeting and Ex 
position, Feb. 1-4, Baker Hotel, Dallas 
Texas, ASHRAE, R. C. Cross, 234 Fifth 
Ave., New York 1, N.Y 


ISA, Instrument-Automation Conference 
and Exhibit, Feb 1-4 Rice Hotel, 
Houston, Texas. ISA, 313 Sixth Ave 
Pittsburgh, Pa. 


ASTM, Committee Week, Feb. 1-5, Sher 
man Hotel, Chicago, Il 


SPI, 15th Reinforced Plastics Division 
Conference, Feb. 2-4, Edgewater Beach 
Hotel, Chicago, Ill. SPI, 250 Park Ave 
New York, N.Y 


IRE, 1960 Convention on Military Elec 
tronics, Feb. $-5, Biltmore Hotel, Los 
Angeles, Calif., Herbert Finke, Polytech 
nic Research & Development Co., Inc., 
202 Tillary St., Brooklyn I, N.Y 


Pennsylvania Electric Association 
Electrical Equipment Committee, Win 
ter Meeting, Feb. 4-5, Penn Harris 
Hotel, Harrisburg, Pa 


Communications Committee Meeting, 
Feb. 11-12, Bellevue Stratford Hotel, 
Philadelphia, Pa 


System Planning Committee, Winter 
Meeting, Feb. 15-16, Pittsburgh Hilton 
Hotel, Pittsburgh, Pa 


AIME, Annual Meeting, Feb. 14-18, Ho- 
tel Statler and Hotel McAlpin, New York, 
N. Y. AIME, 29 W. 39 St., New York 
18, N.Y 


First National Symposium on Nonde- 
structive Testing of Aircraft and Mis- 
sile Components, Feb. 16-18, Hilton 
Hotel, San Antonio, Texas. Sponsored 
by Southwest Section Society for Non- 
destructive Testing and Southwest Re- 
search Institute. W. E. Cory, SRI, 8500 
Culebra Rd., San Antonio, Texas 


NSPE, Winter Meeting, Feb. 18-20, 
Broadview Hotel, Wichita, Kans., J. T. 
Kane, NSPE, 2029 K St., N.W., Wash 
ington 6, D.C 


Biophysical Society, 4th Annual Meeting, 
Feb, 24-26, Philadelphia, Pa. Dr. T. H. 
Wood, Department of Physics, University 
of Pennsylvania, Philadelphia 4, Pa 


Overseas 


Conference on Automatic Computing and 
Data Processing in Australia, May 24-27, 
Univ. of Sydney and Univ. of New 
South Wales, Australia. Deadline for 
paper summaries: Feb. 1. C.H.D. Harper, 
Australian Natl. Committee on Compu- 
tation and Automatic Control, The Insti- 
tution of Engineers, Science House, 157 
Gloucester St., Sydney, Australia 


3rd International Electronic Parts Show, 
Feb. 19-23, Parc des Expositions de la 
Porte de Versailles, Paris, France. Na 
tional Federation of French Electronic 
Industries (FNIE), 23 Rue de Liibeck, 
Paris 16, France 


Industrial Latin American Partnership 
Exhibition, Apr. 1960-Oct. 1961, Parque 
Ibirapuera, Sao Paulo, Brazil, E. L. Ne- 
ville, ILAPE Representative, 60 E. 42 St., 
New York 17, N. ¥ 


Electrical Engineers ASEE, Sth WNa- 
tional Exhibition, Apr. 5-9, Earls Court, 
London, England. Electrical Engineers 
ASEE, Exhibition Ltd., Museum House, 
Museum St., London, W.C.I 


International Conference on Large Elec- 
tric Systems (CIGRE), 18th Convention, 
June 15-25, 112 Boulevard Haussmann, 
Paris 8, France 
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estinghouse Photos 


A A PORTION of the giant 287-foot-long 
supersonic compressor unit built by the Sunny- 
vale, Calif., manufacturing division of West- 
inghouse. Four compressors with a total of 
21 separate stages comprise this entire ro- 
tating mass which in turn is coupled to four 
giant motors. Right: Lt. Col. C. R. Flint, 
(left), U. S. Air Force representative at the 
propulsion wind tunnel, discusses what is 
said to be the largest rotating machine ever 
built, with Roger Draft, project engineer for 
Westinghouse. This plastic scale model shows 
the transonic circuit of the tunnel at the 
lower part of the display table, and the 
supersonic circuit in the upper half. 


Supersonic Circuit 


at Tullahoma 


Nears Completion 


“@ BEHIND this huge ‘grille’ are coolers through which 
more than 65,000 gallons per minute of cooling water will 
be pumped to absorb heat from the air in the supersonic 
wind tunnel at the Arnold Engineering Development Center. 
When the tunnel is completed, giant compressors built by 
Westinghouse will drive air through the test section at 
velocities from 1,000 to about 3,000 miles per hour. 


LARGEST of the 22 wind tunnels and 
test cells at the U.S. Air Force’s Arnold 
Engineering Development Center in Tulla 
homa, Tenn., is the propulsion wind 
tunnel comprised of a transonic unit now 
in operation and a= supersonic circuit 
nearing completion 

The propulsion wind tunnel—one of 
the three major laboratories at the Center 
is powered by a rotating machine which 
is said to be the world’s largest. Built’ by 
the Westinghouse Electric Corporation, the 
machine is over 480 feet long and de 
velops 216,000 hp to operate the tunnels 
It includes two powerful synchronous 
motors, each rated 83,000 hp, and two 
smaller “starting” motors of 25,000 hp 
each. The four motors, which were built 
at the Westinghouse East Pittsburgh, Pa 
plant, are connected in tandem to drive 
two huge compressors—a $-stage unit for 
the transonic circuit, and an 1&8-stage unit 
for the supersonic circuit. 

The Center, occupying a 
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41 ,000-acre 


tract of land, is part of the Air Force’s Air 
Research and Command 


which is responsible for the over-all Air 


Development 


Force research and development program 
Operating the Center for the Air Force 
is ARO, Inc., a subsidiary of Sverdrup 
of St. Louis, Mo. Construc 
tion of the wind tunnels and propulsion 


& Parcel, Inc 


system test cells is under the supervision 
of the Tullahoma District, U.S. Army 
Engineers 

The transonic circuit at the Center has 
been conducting aerodynamic and propul 
sion tests for nearly 3 years, and it soon 
will be joined by its associated supersonic 
tunnel. Tests have been conducted on 
more than 30 of the major weapon-sys 
tem projects of the U. S. Government, in 
cluding the USAF Titan, Snark, GAM-72 
and Bomarc missiles, nose cones for all 
intercontinental ballistic missiles, the 
Navy's Polaris, Army's Jupiter, and Na 
tional Aeronautics and Space Administra 
tion’s Mercury “man-in-space”’ project. 
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WY THESE vertical steel vanes decrease turbulence in the air flow as its 
direction is altered at the corners of the supersonic wind tunnel at Tul- 
lahoma, Tenn. The diameter of the tunnel is 47 feet at this point, and 
it ranges from 62 to 32 feet at other sections. 


Masato, 








A INSIDE the huge supersonic wind tunnel now nearing completion 
at the Arnold Engineering Development Center, speeds of approximately 
3,000 miles per hour at simulated altitudes of more than 100,000 feet 
will be created. The scaffolding supports workers who are installing 
the layer of patchwork-like insulation material which will absorb tem- 
peratures ranging as high as 650 F. Tunnel diameter at this point is 
about 55 feet. 


Westinghouse Photos 


B> THIS 4-motor drive system, built by West- 
inghouse, develops 216,000 hp. The four 
motors connected to two giant compressors 
constitute a rotating machine which is now 
producing transonic wind velocities and soon 
will be generating supersonic speeds exceed- 
ing 3,000 miles per hour in the supersonic 
wind tunnel at Arnold Engineering Develop- 
ment Center. Two of the motors, said to be 
the world's most powerful, are rated at 83,- 
000 hp each, and two at 25,000 hp each. 
The larger units stand 211% feet high and 
weigh 225 tons. The 122-ton rotors of the 
giant motors spin at a rate of 600 revolu- 
tions per minute. 
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Test Chamber Simulates 
Outer Space Conditions 


An improved high-altitude test chamber 
that duplicates conditions met by missiles 
and satellites 100 miles above the earth 
has been put in use at the U.S. Army Sig- 
nal Research and Development Laboratory 
at Fort Monmouth, N. J., the Department 
of the Army announced recently 

Atmospheric pressure in the stainless 
chamber can be reduced to simulate the 
virtually air-free environment found 100 
miles above the earth. Although satellites 
and missiles reach much higher levels than 
this ionospheric zone, many conditions are 
the same at the higher altitudes. 

The chamber, which will aid in advanc- 
ing the national space program, provides a 
new and highly accurate means to insure 
before launching that equipment and 
components have been engineered to re- 
tain their operating stability. 

The new test chamber, a stainless steel 
cylinder 8 feet long and 514 feet in dia- 
meter, doubles the simulated altitude of 
the 200,000-foot stratospheric chamber 
previously used. It can withstand a surface 
pressure of 15 pounds per square inch 
when air is pumped from the inside. 

A highly efficient refrigeration system 
and an array of infrared heat lamps make 
it possible to vary test chamber tempera- 
ture from —90 to +300 F. 

Engineers of the Laboratory’s Equip- 
ment Analysis Division established the 
performance characteristic of the space 
test chamber. It was built on contract by 
the NRC Equipment Corporation, a sub- 
sidiary of the National Research Corpo- 
ration, Newton, Mass. 


Tap-Proof Cable 
Insures Private Conversations 


Companies using television, telephone, 
or wire photos in internal communica- 
tions networks can be sure that their lines 
are free of eavesdroppers by means of a 
tap-proof tamper-proof cable recently 
made available to private industry. 

The patented cable made by Mosler Re- 
search Products, Inc., an affiliate of the 
Mosler Safe Company, provides absolute 
protection against tapping by direct con- 
tact or induction. In the event that an 
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TEST CHAMBER at U. S. 
Army Signal Research 
and Development Lab- 
oratory, Fort Mon- 
mouth, N. J., duplicates 
conditions found 100 
miles above the earth. 
lt is being widely used 
to insure that altitude- 
sensitive parts for mis- 
siles and satellites will 
function properly after 
launching. 


attempt to connect into the cable is made, 
an alarm is automatically sounded with- 
out the intruder being aware of it. 

The communications circuits are cov- 
ered by successive layers of foil sheathed 
in plastic and connected to a highly sen- 
sitive relay apparatus which responds to 
changes in electric current as low as two 
one millionths of an ampere. 

Attempts to tap the wire activate a re- 
lay causing an alarm to sound at a control 
point. The insertion of even a pin into the 
cable will trip the sensitive alarm, 

Additional protection against inductive 
tapping is provided by a noise generator 
which transmits a signal many _ times 
greater than the amplitude of a conversa- 
tion carried in the cable, The noise covers 
the complete audio frequency range and 
cannot be eliminated by filters or other 
means, thus making an induction tap im- 
possible. 

The cable permits point-to-point secur- 
ity, for the first time, on lines handling 
classified information. This is regarded as 
vital for companies in defense work and 
restricted projects, as well as those seeking 
to protect themselves from “industrial 
Spies. 


3-Dimensional Study of X Rays 
Finds Faulty Parts of Missiles 


A simple method that allows 3-dimen- 
sional study of X-ray films to find faulty 
parts of missiles and space vehicles before 
launch has been perfected by reliability 
engineers of Convair (Astronautics) Divi- 
sion of General Dynamics Corporation, 
producer of the Atlas intercontinental bal- 
listic missile. 

Based on the use of stereovision, this 
method requires that two X-ray films be 
taken of each component to be studied. 
These films, termed the “left eye” and 
“right eye” negatives, are taken at slightly 
different angles, using standard X-ray 
equipment. The films are then studied in 
two modified X-ray film viewers and a 
mirror system in which two mirrors are 
set at a 45-degree angle to one another, 
forming a V-shape. 

In use, the observer places his head 
against the point of the “V” so that each 
eye looks into a different mirror. He then 
adjusts the mirror so that the images of 
the negatives are superimposed in the 
mirror reflectors. 

Due to the slight difference in the 
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angles at which the two X-rays were taken, 
each of the observer's eyes sees a slightly 
different image. This is analogous to hu- 
man vision, wherein each eye sees an ob- 
ject from a slightly different angle, this 
being one of nature’s aids to depth per- 
ception. Here, the offset images likewise 
yield depth perception. 

J. L. Minos, Convair-Astronautics engi- 
neer, said: 

“The use of stereovision allows us to 
detect minor flaws in internal components 
which might not be discovered using con- 
ventional X-ray examination. The method 
has been used successfully in checking At- 
las missile components as part of the 
company’s reliability program.” 

Knowledge of the exact locations of such 
things as fine wires in encapsulated parts 
is often essential to failure diagnoses, Mr. 
Minos said. He added that in many in- 
stances this can only be achieved by view- 
ing failed parts stereoscopically. 

The prior use of stereoradiography al- 
lows a failed part to be opened for more 
detailed examination without inadvertent 
damage to the part or destruction of ex- 
isting evidence of failure. Parts ranging 
in size from that of a thumbtack to 289 
square inches in cross-sectional area can 
be studied by this method, it was stated. 


“Wirefax” Service Offered 
for Use of General Public 


lranscontinental Public Facsimile 
(“Wirefax”’) service for the use of the gen- 
eral public and other users has been in- 
augurated by Western Union. It is now 
possible for customers in New York, N.Y.; 
Washington, D.C.; Chicago, Ill.; Los An- 
geles, Calif.; and San Francisco, Calif., to 
give material such as full page communi- 
cations, letter-size documents, drawings 
and other recorded data to the telegraph 
company for same-day transmission and 
delivery in exact facsimile of the material 
offered. 

Wirefax circuits which will carry a sin- 
gle page of material coast-to-coast in 6 
minutes have been established between the 
initial five cities. Original line drawings, 
advertising layouts, sketches, charts, and 
legal or financial documents or other 
graphic matter, excluding photographs, 
can be transmitted as a single page or in 
sections up to 714 by 914 inches in size. In 
addition, lengthy messages, either typed or 
hand-written, up to 600 words on a single 
page, can also be transmitted at relatively 
low cost. 

The material to be transmitted must 
be typed, written, or drawn on a sheet of 
white paper of standard 814 by I1 inches 
letter size. This is placed on the Wirefax 
facsimile transmitter drum, which, at the 
push of a button, begins revolving at 180 
rpm. As the drum revolves, an “electric 
eye” scans the material at 1.8 vertical 
inches a minute. The copy is received im- 
mediately at the destination city, where 
the receiving machine ejects an exact 
facaimile of the original. 

The local Western Union offices in New 
York City, at 60 Hudson St., 40 Broad St., 
and Grand Central Terminal, have been 
equipped to provide the new service be- 
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tween the hours of 9 a.m. and 6 p.m., Mon- 
day through Friday. Initially, the material 
to be transmitted will be delivered to the 
designated Western Union office by the 
sender. The telegraph company will de 
liver received material to the addresses at 
destination cities as a part of the service. 

Charges for transmission of a minimum 
message covering 714 by 4 inches range 
from $2 to $4 depending on the destina 
tion city. Additional vertical inches cost 
between 35 cents and 65 cents. For ex 
ample, 714 by 4 inches between New York 
and Los Angeles cost $4. 

Western Union General Manager J. D. 
Johnson stated that the offering of the 
new service is designed to determine the 
extent of present demands for this type 
of facsimile service. He said that American 
business firms now use more than 37,000 
Western Union Desk-Fax facsimile ma 
chines for local pick-up and delivery of 
10 million telegrams annually between 
their offices and central telegraph offices. 


Electronic Machine for 
Measuring Production Standards 


A machine that can inspect production 
line output quicker than the human eye 
has been developed by American Machine 
© Foundry Company, (AMF). 

The first portable electronic device to 
measure production line standards and 
quality control, the new AMF Standard 
Deviation Meter will have applications in 
many industries using the standard devia 
tion method of measurement. 

The instrument electronically counts, 
weights, computes, and records the indi 
vidual standard deviation of production 
line items. It compares each product with 
its average standards and then computes 
the deviation from the standards. The com 
plete measuring procedure is done in ap 





STANDARD DEVIATION METER developed by 
American Machine & Foundry Company in 
use in a cigarette manufacturing plant. This 
is the first portable electronic device to meas- 
vre production line standards and quality 
control by the standard deviation method of 
measurement. 
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New Prefixes for Units 


The National Bureau of Standards 
(NBS), as announced in the NBS Techni 


cal bulletin, October 1959, has decided to 
follow the recommendations of the Inter 
national Committee on Weights 





Multiples and Submultiples Prefixes 
1 000 000 000 000 190% tera* 
1 000 000 000 = 10° giga* 

1 000 000 108 mega 
1 000 104 kilo 

100 102 hecto 

10 10 deka 
0.1 10-* deci 

0.01 10- centl 

0.001 10~ milli 

0.000 O01 10-* micro 

0.000 000 001 10~ nano* 
0.000 000 000 001 10-! pico” 


and Measures to use new pre- 
Symbels fixes for denoting multiples 
and submultiples of units. The 


T 
G Committee adopted the pre- 
M fixes at its meeting in Paris, 
k France, in the Fall of 1958. In 
addition to the 8 numerical 
prefixes in common use, whic h 
d are given in the accompanying 
table, the Committee expanded 
’ the list by adding the 4 pre- 
_ fixes marked with an asterisk 
u Thus, for example, 10°“ farad 
. is called | picofarad, and is 


abbreviated 1 pf. 








proximately one-hundredth the time re 
quired by manual methods for the same 
operation. 

First application of the AMF machine 
will be in the cigarette manufacturing in- 
dustry where it will monitor cigarette pro 
duction and maintain quality and weight 
standards. The machine will check the 
standards of 2,000 finished cigarettes in 
less than 2 minutes compared to the 3 
or 4 hours required to inspect that quan- 
tity by hand. 

It is anticipated that the new machine 
will have application in many mass-pro- 
duction industries where close quality con- 
trol is required, such as automotive parts, 
screw machine, canning, and food proc 
essing. 

The output of the machine can_ be 
presented on a meter scale, recorded on a 
chart, or printed in digital form on paper 
tape. The unit operates from standard 
electrical service and can be _ installed 
quickly by plant personnel at any location 
along a production line. 


Solar Energy Used 
To Convert Salt Water 


Successful conversion of salt water into 
fresh water through a device powered en 
tirely by solar energy was reported re 
cently by Hoffman Electronics Corporation. 

The device, capable of freshening 3 
gallons of water per hour, is powered by 
“Big Bertha,” a solar power converter. 

The salt water converter and a centrifu- 
gal pump, capable of lifting a l-inch 
column of water 10 feet, are part of a 
permanent display at the Hofiman Semi- 
conductor Center in El Monte, Calif., de- 
signed “to stimulate ideas for greater 
utilization of solar energy to do Man's 
work.” H. L. Hoffman, president, ex- 
plained. 

He noted that many of the world’s 
highly populated yet relativey dry areas, 
incuding Southern California, are adjacent 
to plentiful supplies of salt water. 

“Converting this salt water into fresh 
water, using only the sun as an energy 
source, offers one of the most exciting 
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H. L. HOFFMAN (fileft) president of Hoffman 
Electronics Corporation, draws sample of first 
fresh water converted from salt water by 
solar power during the dedication of the new 
Hoffman Semiconductor Center, El Monte, 
Calif., with Dr. Morton Prince, vice-president- 
research, Hoffman Semiconductor Division, 
lending a hand. The device, part of a solar 
exhibit demonstrating the feasibility of new 
solar energy applications, derives its power 
from “Big Bertha,” said to be the world's 
largest solar energy converter. 


challenges in science,” he said. “We know 
that at high noon the sun places 1,000 
watts of energy per square yard on the 
earth's surface; the problem is to convert 
it economically into a usable form of 
energy. 

“While the cost per gallon of convert- 
ing sea water by this method remains 
prohibitive at this time, significant prog- 
ress has been made. The cost of a solar 
energy converter, for example, is approxi- 
mately one-tenth today of what it was 4 
years ago.” 

Equally challenging, Mr. Hoffman said, 
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is the idea of harnessing free power from 
the sun to operate water wells and irriga 
tion systems in desert areas remote trom 
conventional power sources 

The salt water converter operates on the 
principle of ionization. As the brine flows 
through a series of electrodes, an electric 
current causes the sodium and chlorine 
ions forming salt to separate. These ions 
form in deposits on the electrodes and can 
later be removed 

Big Bertha has been installed perma 
nently on the Semiconductor Center's roof 
to provide power for the salt water con 
verter, pumping station, and other experi 
mental solar energy application devices 

The giant generator converts light int« 
electricity by means of 7,800 silicon solar 
cells similar to those used to power the 
instruments in United States satellites 
These cells are attached to a 4- by &-foot 
panel. An automatic tracking device keeps 
the panel taced toward the sun for maxi 
mum efhiciéney 

Fen individual panels in the unit can be 
connected in various combinations of s« 
ries and parallel arrays, through a control 
device, to provide voltage outputs of from 
6 to 60, in increments of 6, and current 
flows ranging from 14 to 5 amperes in 

ampere increments 


British Instrument 
Magnifies Light 50,000 Times 


An “Image Intensifier,” described as “an 
exceptional breakthrough” in the field of 
optical imagery, has been developed in 
Britain 

A research worker, a student, and a 
small group of assistants working in the 
department of instrument technology ot 
the Imperial College of Science in London 
were responsible tor the device which in 
tensifies light 50,000 times and illuminates 
optical images invisible to the naked eye 
to the point where they can be seen and 
photographed 

The intensifier is expected to have pat 
ticular application in astronomy, nucleai 
physics, and also in hospital X-ray exam- 
mations 

The ability to photograph sky bodies by 
almost instantaneous “snapshot” exposures 
through the intensifier would largely over 
come the problem of local disturbances in 
the earth’s atmosphere encountered with 
lengthy telescope exposure, and open up 
the prospect of examining the spectra of 
some of the taintest stars 

In nuclear physics, the instrument ts to 
be tried in conjunction with a new method 
of observing the geometrical shape of the 





New Headquarters for ASM 


AERIAL VIEW (below) shows entire 
American Society for Metals (ASM) 
headquarters building and environ- 
ment at Metals Park, Novelty, Ohio, 
23 miles east of Cleveland. Directly 
under the geodesic dome is a 100- 
foot diameter mineral garden cut 7 
feet into the earth. On completion, 
the garden will display some 350 
specimens of native minerals, all 
bearing descriptive labels. Left: 
Close-up of new building shows 
novel stainless steel sunscreen that 
will control the interior lighting of 
the building during every daylight 
hour throughout the year except at 
the exact moment when the sun is 
at its lowest point in the sky. 
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track of nuclear particles. In hospitals, 
after further development, it may greatly 
reduce the exposure needed in X-ray ex- 
aminations, thereby lessening the hazards 
of radiation. 

Principal workers on the invention were 
Dr. W. L. Wilcock and research student 
D. L. Emerson. Head of the 4-year-old 
department, Prot. J. D. McGee, described 
the work as “an exceptional breakthrough 
of the kind that may occur only two o1 
three times in a scientist’s lifetime.” 

The instrument itself is original not in 
concept but in method of construction. 
Designed to multiply the brightness of a 
faint image, it effectively combines multi 
plication of light with adequate definition. 
It can turn the smallest pulse of light 
energy into a flash that is visible and the 
image into a pattern that is discernible. 

Ihe intensifier comprises a glass vac 
uum tube about 18 inches long by 2 inches 
in diameter. It operates by focussing the 
original faint picture onto a light-sensitive 
cathode inside it. The cathode emits elec 
trons which are passed, successively, 
through five dynodes situated along the 
length of the tube. Conducting coils sur 
rounding the tube produce a magnetic 
field that acts as a guide to the electrons 
within. The cathode is made of a_ thin 
layer of an antimony and cesium com 
pound (obtained by evaporating the 
cesium in a vacuum onto a thin film of 
the antimony), which acts as a semicon- 
ductor, From every 20 or so photons (or 
atoms of light) which fall on this material, 
I electron is produced. 

(The dynodes are films of complicated 
layer-structure, each between 4 and 5 mil 
lionths of a centimeter thick. A thin but 
transparent layer of aluminum is encased 
between a layer of aluminum oxide and 
one ef potassium chloride, the whole pro 
viding electrical contact with the struc 
ture. The layer of aluminum is made by 
evaporating the metal in a vacuum. The 
aluminum oxide is formed on the surface 
of a piece of aluminum, then obtained 
as a film by etching away the aluminum 
with acid. After the tube is assembled, the 
whole is furnace-baked to stabilize the 
photocathode—but without harming the 
potassium chloride and other films.) 

Each electron from the photocathode 
hits each successive dynode at speed, being 
accelerated along its course by more than 
1,000 volts. At every dynode, each will 
produce some five new electrons, and these 
in turn hit the next dynode—to be again 
multiplied. At the end, at least 3,000 elec- 
trons are produced for each one originally 
leaving the cathode. A final accelerating 
electric field throws them against a fluores 
cent screen, and a visible flash of light is 
produced. 

The geometrical optics of the tube are 
good enough for details in the pattern on 
the cathode about 4; millimeter in dia- 
meter to be reproduced clearly on the 
screen. 

The present area of the dynodes is small 
—just smaller than a dime. It is planned to 
enlarge them in future instruments. 

Even with these small pictures, detail is 
on a par with a 250-line scanning television 
system. With bigger dynodes, performance 
approximating a 600- to 700-line scannet 
could probably be ac hieved. 
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NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute assu s no responsibility for state- 
ments made in the following summaries, infor- 
mation for which is taken fro the prefaces 
ef the books in question. 


ANALOG METHODS; COMPUTATION 
AND SIMULATION. By W. J. Karplus and 
W. W. Soroka. Second edition. McGraw-Hill 
Book Company, 330 W. 42nd St. New York 
36, N. Y. 1959. 483 pages, 644 by 9V2 inches, 
bound. $12.50. This is a survey of analog 
methods and techniques in use today. Begin 
ning with the methods by which mathematical 
operations required for indirect computations 
are accomplished, it continues with the ana 
log solution of differential equations. simul 
taneous linear algebraic equations, and non 
linear algebraic equations. The concluding 
section is devoted to direct simulation. In 
this edition, the emphasis has been shifted 
from mechanical to electric and electronic 
equipment. The original chapter on electrical 
electromechanical, and electronic computing 
elements has been expanded into three chap 
ters, and the length of the discussion of elec 
tronic differential analyzers has been more 
than tripled 


ANALYSIS OF ELECTRIC CIRCUITS. By 
Egon Brenner and Mansour Javid. McGraw 
Hill Book Company, 330 W. 42nd St.. New 
York 36, N. Y., 1959. 708 pages. 644 by 9% 
inches, bound. $9.50. An introduction to linear 
circuit analysis which provides an integrated 
treatment of circuit response by the early in 
troduction and application of the concepts of 
complex frequency and network functions and 
their poles and zeros is presented. The topics 
covered include waveforms, response of single 
elements, Kirchhoff's laws and network equa 
tions, circuits containing only one type of 
element, complex numbers and their applica 
tion to sinusoidal time functions, source-free 
R-L-C_ circuit, response of circuits with 
sources, network functions, circuits in the sinu 
soidal steady-state, 3-phase circuits. circuits 
with magnetic coupling, and harmonic analysis 
and Fourier series 


ATOMIC ENERGY IN THE SOVIE! 
UNION. By Arnold Kramish. Stanford Uni 
versity Press, Stanford, Calif., 1959. 232 pages 
5¥4 by 9% inches, bound. $4.75. Although the 
United States and Great Britain have both 
published complete reports on the develop 
ment of their atomic energy program, Soviet 
Russia has never done so. This book is an 
attempt to fill this gap by providing an over 
all review of the history, present scope, and 
future possibilities of Soviet nuclear research 
and development. The information which 
forms the basis for this book was obtained by 
systematically scanning many thousands of 
Soviet newspapers and technical journals, and 
represents as complete a picture of the situa 
tion as is now currently available 


AUTOMATIC TEACHING. Edited by Eugene 
Galanter. John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y., 1959. 198 pages 
6 by 94 inches, bound. $3.25. This is one of 
the first books to record and evaluate the 
methods associated with the newly developed 
field of machine teaching. It is based on a 
collection of 16 papers given at a symposium 
held at the University of Pennsylvania under 
the auspices of the U. S. Air Force. The var 
ious aspects of machine teaching dealt with 
include programming, analysis, machine de 
sign, experimental results, and criticism. 


BELASTUNGSKURVEN UND DAUERLIN- 
IEN IN DER ELEKTRISCHEN ENERGIE 
WIRTSCHAFT. (ENZYKLOPADIE DER E 

ERGIEWIRTSCHAFT, Volume 2). By Max 
Wolf and Hellmuth Junge. Springer-Verlag, 
Berlin, West Germany, 1959. 563 pages, 6% 
by 10 inches, bound. DM 97.50. This second 
volume deals with load and duration curves 
in electric power economy. It includes chap- 
ters on the concept of a load curve and its 
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graphic representation; the actual load curves 
of the effective load; standardized curves of 
the effective load; relationships between ac- 
tual, reactive, and apparent efficiency and cost; 
actual curves of reactive and apparent effi 
ciency; and methods for the determination of 
a load curve as well as of power and con- 
sumption curves, etc. 


rHE CATHODE-RAY TUBE AND ITS AP 
PLICATIONS. By G. Parr and O. H. Davie 
Third edition. Reinhold Publishing Corpora 
tion, 430 Park Ave., New York, N. Y., 1959 
433 pages, 5%4 by 8% inches, bound. $9.50 
The use of the cathode ray tube in oscillogra 
phy is stressed in this volume which provides 
a guide to the operation and use of the tube 
as a versatile measuring instrument. Among 
the topics considere’ are power supplies am 
plifiers, time and frequency bases, photogra- 
phic vecording, and transducers, as well as 
mechanical. electrical. and nuclear 
tions. While the sections dealing with applica 
tions and associated circuits have been con 
siderably expanded in this edition, only a 
superficial coverage is given to the theory and 
design of the electron gun 
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DIGITAL COMPUTER PRIMER. By E. M 
McCormick McGraw-Hill Book Company 
Inc., 330 W. 42nd St.. New York 36, N. ¥ 
1954. 214 pages. 6% by 9% inches. bound 
$7.50. The basic principles of digital com 
puters are presented in nonmathematical 
terms. Following a review of basic terminology 
and sequence of operations, a detailed descrip 
tion is given of coding, number systems, logic 
of computers, and the control, arithmetic, 
storage. and input-output units. Instructions 
programming, and methods of checking ac 
curacy are also discussed. An appendix pro 
vides material on the value of representing 
logical operations by means of Boolean al 
gebra and the basic manipulations possible 


EINFCHRUNG IN DIE THEORETISCHE 
ELEKTROTECHNIK. By Karl Kiipfmiiller 
Sixth edition. Snringer-Verlag, Berlin, West 
Germany, 1959. 212 pages, 6% bv 10 inches 
bound. RM $1.50. Various subiects have been 
expanded in this revised edition, e.g. the 
theory of networks; the theory of semiconduc 
tors and their application; the theory of rec 
tihers and amplifiers, including magnetic am 
plifiers; and line theory, considering variable 
line constants. Theoretical fundamentals of 
new components, such as the magnetic core 
memory, Hall generators and superconduc 
tors, have also been added. There is a biblio 
graphy of mainly German references 


ELECTRON PHYSICS. By O. Klemperer 
Academic Press Inc., Ill Fifth Ave., New 
York 3, N. Y., 1959. 248 pages, 542 by 8% 
inches, bound. $7. The physics of the free 
electron is presented in two parts. The first 
contains a brief survey of methods for the 
production of electron rays as well as a de 
tailed discussion of the main problems of 
electron motion, of electron optics, of the 
flow of electrons in dense space charges, and 
of the statistical fluctuations in low intensity 
beams. The second part deals with the fun 
damental properties of the free electron, 
namely its charge, mass, wave-length, spin 
and magnetic moment. It also includes a 
description of the study of the free electron 
by quantitative methods 


ENCYCLOPEDIC DICTIONARY OF ELEC 
FRONICS AND NUCLEAR ENGINEERING 
By R. I. Sarbacher. Prentice-Hall, Inc., Engle 
wood Cliffs, N. J., 1959. 1.417 pages, 742 by 10 
inches, bound. $35. This extensive work de 
fines terms and provides descriptions and dia 
grams of equipment, components, and systems 
employed in electronics and nuclear engineer 
ing. Additional definitions are provided for 
terms in such closely related fields as elec- 
tricity, physics, chemistry, and acoustics, pat 
ticularly where they have a bearing on elec 
tronic and nuclear applications. Extensive 
cross-referencing is provided so that related 
entries may be studied and compared. 


FERRITES. By J. Smit and H. P. J. Wijn. 
John Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16, N. Y.. 1959. 369 pages, 6 by 942 
inches, bound. $10. Characteristics of ferrites 
that are of importance for application pur- 
poses are presented, and where possible ex- 
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plained in terms of intrinsic properties. These 
properties are in turn treated in relation to 
the chemical composition and crystal struc- 
tures of the materials. Particular attention is 
paid to the phenomena occuring in ferro- 
magnetic materials during various processes of 
maguetization. The term ferrite, as used in 
this text, refers to all magnetic oxides con 
taining iron as the major metallic component 


HANDBOOK OF AUTOMATION, COM- 
PUTATION, AND CONTROL, Volume 2 
Edited by E. M. Grabbe and others. John 
Wiley & Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 1959. Various pagings, 6 by 9% 
inches, bound. $17.50. The second of three 
volumes, this volume provides a comprehen 
sive coverage of the design and use of ana 
log and digital computers and data processors 
Some of tne features ot this handbook are 
chapters which deal with computer termi 
nology, magnetic core and transistor circuits, 
advanced programming, and unusual computer 
systems involving operational digital tech 
niques, combined analog-digital computer sys 
tems, and turing-type computers 


HANDBOOK OF ELECTRONIC CONTROL 
CIRCUITS. By John Markus. McGraw-Hill 
Company, Inc., 330 W. 42nd St., New York 
36, N. Y., 1959. 167 pages 9 by 114 inches 
bound. $8.50. The more than 250 electronic 
circuits included cover such areas as alarm, 
audio control, computer control, machine con 
trol, magnetic amplifiers, nucleonics, process 
control, servomechanisms, switching, and tele 
metering control. In addition to component 
values, a description is given of the general 
nature of the circuit and how it works, prac 
tical data on critical components, and sug- 
gested applications 


INTRODUCTION TO NUCLEAR POWER 
COSTS. By Arnold Rochman. Simmons-Board 
man Publishing Corporation, 30 Church St 
New York 7. N. Y., 1959. 50 pages. 5142 by 844 
inches, paper. $5. This book analyzes some 
of the factors which make up the total cost 
of nuclear power, and shows how variations 
in their value may affect the over-all cost 
structure. The costs of the various factors re 
lated to nuclear fuels are first analyzed, and 
then the factors related to the capital struc 
ture, plant, and equipment 


MAGNETIC PROPERTIES OF METALS 
AND ALLOYS. By R. M. Bozorth, and others 
American Society for Metals, Metals Park, 
Novelty, Ohio, 1959. 349 pages, 6 by 9% 
inches, bound. $8. In this collection of papers 
the authors discuss magnetic domain struc 
tures, nuclear magnetic resonance in mag 
netic crystals, magnetic properties of thin 
films, magnetic properties of fine particles, 
time effects in magnetization, magnetostric- 
tion, magnetomechanical damping, spin clus- 
ters in iron near the Curie temperature, and 
magnetic annealing 


MATHEMATICS FOR COMMUNICATION 
ENGINEERS. By S. J. Cotton. The Macmillan 
Company, 60 Fifth Ave., New York Il, N. Y., 
1959. 245 pages. 64% bv 10 inches. bound 
$7.50. Written for the practicing engineer and 
the advanced student, this text covers the 
various phases of mathematics useful in elec 
tronics. It includes such topics as Laplace 
transformation and probability. complex func 
tions, differentiation, integration, Taylor's 
series, and trigonometrical tunctions. Nu 
merous examples help to relate the theoretical 
and practical aspects of the subject 


A NEW METHOD IN THE THEORY OF 
SUPERCONDUCTIVITY. By N. N. Bogoliu 
bov, and others, Consultants Bureau, Inc., 227 
W. 17th St., New York II, N. Y., 1959. 121 
pages, 6 by 9% inches, bound. $5.75. In this 
translation from the Russian, a microscopic 
theory of superconductivity is developed on 
the basis of a physical and mathematical 
analogy with supertiuidity. Calculations are 
given for the energy of the superconducting 
ground state using Fréhlich’s Hamiltonian, as 
well as for the one-fermion and collective ele 
mentary excited states. A detailed analysis of 
the role of the Coulomb interaction between 
the electrons in the theory of superconduc- 
tivity is then presented. It is then demon- 
strated how a system of feimions is treated 
with a fourth-order interaction Hamiltonian 
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ind a criterion for its superconductivity is 
established 


OPERATIONS RESEARCH AN AN 
NOTATED BIBLIOGRAPHY By J H 
Batchelor. Second edition. Saint Louis Univer 
ity Press, Saint Louis, Mo., 1959. 865 pages 

by 834 inches, bound. $10. The rapidly 
yrowing literature ot operations research is 
extensively covered in this bibliography which 


includes 4,195 abstracts of books and articles 
published up to the end of 1957 Ihe ab 
Stvacts are arranged by author, with a sub 
ject and tithe index to fecilitate access to the 
items included The material included has 
been confined to operations research as such 
mad does not include related specialties such 
linear programming, cvbernetics, ete 


RADIO LUBE VADE-MECUM. Edited by 
]. A. Gijsen. Fourteenth edition. P. H. Brans 
Lid Antwerp, Belgium, 1958. 464 pages 8 
by I1l¥e inches, paper. No price given. This 
new edition of a standard reterence work lists 
radio tubes manufactured in all parts of the 
world. Normal operating data and the tune 
tion of each tube listed is given. In the case 
of rectihers, the data are limited to the maxi 
num Operating conditions with capacitor in 


SEMICONDUCTORS. By R. A. Smith. Cam 
bridge University Press, 32 E. 57th St., New 
York 22, N. Y¥. 1959. 494 pages, 644 by 9% 
inches, bound. $12.50. A) comprehensive ac 
count of the physics of semiconductors is given 
ilong with a briet review of their applica 
tions. The author discusses energy levels in 
crystalline solids; impurities and imperfections 
in crystals; carrier concentrations in thermal 
equilibrium; electron transport phenomena; 
thermal optical, and high-frequency effects 
n semiconductors; diffusion of electrons and 
positive holes; measurement of semiconduc 
tor properties; and the properties of the various 
ypes of semiconductors known Ihe treat 
ment is based on the eflective mass’ con 
cept, and only a brief and elementary ac 
count is given on the quantum theory under 
lying the motion of electrons through a crys- 
tal 


[RANSFORMERS FOR THE ELECTRIC 
POWER INDUSTRY. By R. I Bean and 
others. McGraw-Hill Book Company, 330 W 
i2nd St., New York 36, N. ¥ 1959. 409 pages, 
6'4 by 9% inches, bound. $12.50. All aspects 
of transformers are covered beginning with 
he tundamentals and continuing with the de 


tails of construction connections testing 
maintenance held operation, and economics 
# design. Auxiliary and protective equipment 
ire also discussed, along with recent develop 


ments in methods of temperature calculation 
testing techniques estimation of eddy and 
stray losses, gauging of transtormer’s life span 
ind insulation materials and methods. A con 
siderable amount of the material included is 
based on researches reported to the ATEI 


TECHNICAL LITERATURE 


The following recently issued technical litera. 
ture may be of to readers of Electrical 
Engineering. All inquiries should be addressed 
te the tsst 








re 


MAGNETISM AND ELECTROMAGNET 
ISM. This book is volume No. 20 in the Elec 
tronic Technology Series dealing with those 
aspects of magnetism and electromagnetism 
which underlie the operation of communica 
tion and industrial electronic devices. The 
intent of this book, the first in a 2-volume 
treatment of the subject, is to give attention 
to the major theoretical considerations of mag 
netism, magnetic circuits, and electromagnet 
ism at the intermediate level. The mathemati 
cal techniques used are simple but extensive 
enough to develop in the reader the mastery 
of typical computations. Review problems are 
found at the end of each chapter. The book 
is available from John F. Rider Publisher, 
Inc., 116 W. 14th St., New York II, N.Y., at 
$1.80 per copy. 
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library Services 


ENGINEERING Societies Library books, 
except bibliographies, handbooks, and 
other reference publications, may be bor 
rowed by mail by AIEE members for a 
small handling charge. The Library also 
prepares bibliographies, maintains search 
ind translation services, and can supply 
a photoprint or a microfilm copy of any 
item in its collection. Address inquiries 
to R. H. Phelps, Director, Engineering 
Societies Library. 29 W 49 St. New 
York 18, N.Y 











INSULATION FOR SMALI TRANS 
FORMERS. Providing valuable guidance and 
data tor designers of all forms of electrical 
insulation, this handbook is particularly use 
ful for assessing the applications of new mate 
rials, and the insulation requirements for un 
usual service conditions. Factors which affect 
the electric strength and the life of insulation 
in service are considered. Graphs are pro 
vided showing the variaton of discharge in 
ception stress with the thickness and permittiy 
ity of insulation, both for surface discharges 
and for internal discharges in cavities of vary- 
Mechanism of breakdown by 
discharges in “solid,” and in oil-impregnated 
paper insulation are described and graphs and 
tables illustrate the relative resistance to 
breakdown by discharges of surface tracking 
in 20 different sheet and moulded insulating 
materials. This pocket-size book may be ob 
tained from the Electrical Research Labora 
tories, Leatherhead, England The price is 
47s.6d. plus postage 


ing thickness 


THE CHEMICAI INDUSTRY FACTS 
BOOK. This 1960-61 edition reflects the latest 
information on what the chemical industry is 
what it does, and touches on the key role that 
its products play in individual daily life as 
well as in every industrial segment of the 
United States. It is divided into four sections 
The Chemical Industry in the United States; 
How the Chemical Industry Operates; Chemi 
cals in Everyday Life; Chemicals in the Serv- 
ice of Man. The book is available at $1.25 
from Manutacturing Chemists Association, 
In 1X25 Connecticut Ave N. W. Washing 
ton 9, DA 


OTS PUBLICATIONS. The office of Lech 
nical Services (OTS) has made the following 
reports available to the public; Report of the 
Sodium, Heavy-Water Reactor Task Force, 
PID-8515, published by the Atomic Fnergy 
Commission AEC) 16 pages We which 
evaluates the sodium, heavy-water reactor con 
cept on the basis of its technical feasibility 
and also its potential for the economical pro 
duction of electric power; Report of the Fluid 
Fuel Reactors Task Force, TID-8501, AEC, 
$1.75; Task Force Evaluation Report—Small 
Size Nuclear Power Plant Program, T1D-8508, 
AEC, $1.75; 4 System for Monitoring the Elec 
trocardiogram during Body Movement, PB 
151906, U.S. Air Force, April 1959, 50 pages, 
$1.25; Short Duration Harmonic Analysis of 
EEG Data, PB 151868. U.S. Air Force, Feb 
ruary 1959, 16 pages, 50¢, which reports that 
discrimination between human “states of con- 
sciousness by analysis of short pieces of 
electroencephalographic data is possible; Ma 
teriel Information Flow Research; Part 1, PB 
151950, U.S. Air Force, March 1959, 177 pages, 
$4, which discloses a system built around the 
Materiel Information Flow Device (MIFD), a 
medium-speed electronic data processor which 
serves as a central record-keeping device. All 
six reports may be ordered from OTS, U.S 
Department of Commerce, Washington 25, 
DA 


AWS PUBLICATIONS The American 
Welding Society (AWS) has announced three 
publications. Titanium Welding is a 24 page 
report which gives the complete story on 
titanium welding. The contents include: pro- 
cess, power supply, electrodes and filter metal, 
titanium grades, joint design and preparation, 
cleaning, gas shielding, welding techniques, 
heat treatment, weld quality tests, price $1.50 
per copy. Filler Metal Comparison Charts is 
a 48-page booklet containing a complete set of 
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welding rod and electrode charts. The brand 
names of 78 companies are listed. 15 AWS- 
ASTM (American Society For Testing Ma- 
terials) specifications are involved and brands 
as well as manufacturers’ names are contained 
in two indexes, price $2.50. Welding Nuclear 
Power Piping is a 20-page report, compiled 
by nuclear power experts. The material in- 
cludes: welding procedures, detailed sketches 
of operations, joint design, (angles and di 
mensions), quality control, qualifications of 
procedures, qualification of welders, and in 
spection methods, price $1.50. All three pub 
lications may be obtained from the American 
Welding Society, Dept. T., 33 W. 39th St., 
New York 13, N.Y. 


ATOMIC RADIATION (Part Il). Covering 
practical aspects of atomic radiation protec- 
tion, this new volume discusses such subjects 
as monitoring techniques and instruments, 
radiation exposure control, decontamination, 
radioactive material transport, and waste dis- 
posal. Intended primarily as a practical guide 
for industrial, military, and research installa 
tions engaged in nuclear energy activities, the 
book is equally useful as a text for scientific 
schools and colleges and for civil defense 
training. It may be obtained from RCA 
Service Company, Government Services (210-1), 
Camden 8, N.Y., at $2.65 per copy 


SIGNAL GENERATOR SPECIFICATIONS 
Fechnical Information Corporation, a clearing 
house for information on electronic test in 
struments, has made available a 28-page book 
containing complete specifications and prices 
of 152 signal generators manufactured by 30 
American and foreign companies. Specifications 
are arranged in tabular form using common 
headings. Instruments are arranged according 
to upper frequency range and run from 70 ke 
to 40 kme. All instruments are indexed by 
manufacturer and function, Copies are avail 
able at $2 from Technical Information Cor 
poration, 41 Union Square, New York 3, N.Y 


PATENTS AND INVENTIONS—AN_ IN 
FORMATION AID) FOR INVENTORS 
Written for the benefit of the independent 
inventors and other persons concerned with 
technological developments and desiring in 
formation about patenting and patent pro 
cedures, this pamphlet helps in deciding 
whether to apply for patents, how to obtain 
patent protection, and how to develop market 
ing for inventions. Copies of the pamphlet are 
available through the Superintendent of Docu 
ments, U.S. Government Printing Office, Wash- 
ington 25, D.C., and the Department of Com 
merce Field Service Offices in cities where such 
offices are located at a price of 15¢ per copy 


PECHNICAL MANUAL FOR SUBMINIA 
PURE RATE GYROSCOPES. This new man 
ual opens with a detailed description of basic 
principles of operation of the subminiature 
type gyro, then covers operating characteristics, 
standard types available, transformer pickoff, 
and use and design of packages of I-, 2-, and 
$-axis sensors for rate acceleration. General 
application information and operating prin 
ciples presented are for design use in such 
applications as fire control systems, autopilots, 
missile homing, navigation, and instrumenta 
tion. A 20-page appendix discusses factors 
affecting gyro performance, gives sample speci- 
fications to aid the engineer in procurement 
for a diversity of applications, and includes 
a complete glossary of gyro technology. It is 
available from Product Manager, Subminiature 
Rate Gyros, Sanders Associates, Inc., 95 Canal 
St., Nashua, N.H., $2 per copy. 


SELECTED DATA ON URANIUM AL- 
LOYS. This is a compendium of current and 
recently published information on certain 
phases of nuclear energy development, particu 
larly of value to designers, metallurgists, 
chemists, mechanical or other engineers in- 
terested in the application of nuclear energy. 
It is richly detailed and illustrated, containing 
a bibliography of 470 references alphabeti 
cally arranged by authors’ names. The book has 
binary phase diagrams of 27 alloys, and a 
dozen or more tables and graphs showing the 
behavior of some uranium alloys under -ondi- 
tions of corrosion and irradiation. It is «vail- 
able for $1 from Sylvania-Corning Nuclear 
Corporation, Bayside, L.I., N.Y. 
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The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 

For specific information on current openings write 
to Mr. D. L. Pyke. 


THE RAMO-WOOLDRIDGE LABORATORIES 


® 


1960 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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New and Improved Pro 


Conductive Transparent 
Coatings 


COMMUCLENG transparent 
vacuum deposition oO mate 

find) ready application to defog 

in windows of atrveraft. railroad cars 
iutomobiles. and other installations where 


a heated transparent surface is desirabl 


lhe coatings are normally sandwiched 
between plastic or glass plates for protes 
tion mad durability Pypical properties 
include 75 transmission of light, resist 
ance of 15 ohms over the entire area, and 
tability between 0 F and 200 F. Na- 
tional Research Corp., 70 Memorial Dr., 


Cambridge, Mass. 


Self-Sticking Markers ... 


Fights-cight sell-sticking markers are 
available in three different sizes to give 
electrical plant Wo tammtcenance Cnhemcers 
a ready-made method for identifying each 
piece of equipment, apparatus. and duct 
in an clectrical service system. The leg 
ends are printed on Vinyl cloth and are 
protected with a durable overcoating. 
W. H. Brady Co., 727 K. Glendale Ave., 
Milwaukee 9, Wis. 


Coated Transformer Covers... 


Covers coated with Levroc, a thermo 
plastic cellulose material which has a di 
electric strength of 800 volts per mil of 
thickness, are now furnished with this line 
of bushing transformers. Insulating the 
cover, clips, bushing clamps, and handholk 
cover with this material eliminates outages 
caused by wildlife contacting the high 
voltage terminals. In addition, its excellent 
outdoor durability provides protection to 
the metal parts. Line Material Industries, 
Milwaukee 1, Wis. 


Morse Code Converter... 


With this device. Morse code can be 
copied and converted into teleprinter code 
at the rate of from LO to 120 words per 
minute, Operating unattended, the con 
verter adjusts automatically to changes in 
speed of transmission successfully demod 
ulates noisy signals, and maintains the as 
sociated communications receiver tuned to 
within 5 cycles of the signal being received 
Basically a digital computer, the instru 
ment contains 1,752 semiconductors and 
a linch CRT. the only vacuum tube in 
the circuit. CGS Laboratories, Rt. 7 at 35, 
Ridgefield, Conn. 


Cockpit Radio Control... 


Today's high performance aircraft re 
quires operation of six radio functions. 
With this control, a pilot can select com 
Pacan, ILS, *Data Link, IFF 
air-to-air, or IFF air-to-ground by touch 


munications 
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operation of a key on the panelboard. 
This information is stored in the switching 
unit until the “actuate” key is pressed. 
Simplicity, reduction of in-flight controls, 
less space requirements, and a uniformity 
of operation are some of the advantages 
to be gained with this equipment. Bendix 
Aviation Corp., Radio Div., Baltimore 4, 
Md. 


Flame Retardant Connectors ... 


These rigid connectors withstand 
higher temperatures and can resist’ fire 
from arcing that frequently occurs in high 
voltage use. Made of Grex, a high-density 
polyethlyene, this complete range of high 
voltage electrical connectors and tube caps 
can be used in applications previously pro 
hibited by Underwriters’ Laboratories, Inc 
W. R. Grace & Co., Polymer Chemicals 


Div., 225 Allwood Rd., Clifton, N.J. 


Simplified Computer Console... 


rhis console will enable anyone to op- 
erate a compute! because the controls 
commands, and data displays are in a 
language understandable to all laymen. 
Through the use of a simple keyboard ar 
rangement, the operator may control the 
computer, to which the console is at 
tached, and demand a display of data 
understandable 
printed form on the console’s video screen. 


either in graphic or 
Bank loan officers will have rapid access 
to all data for a complete credit check. 
Staff members will be able to use com 
puters for stock market analysis, sales fore 
casting, production scheduling, and the 
like. The console may be connected to any 
data processing system. Ramo-Wooldridge, 
P.O. Box 90534 Airport Station, Los An- 
geles 45, Calif. 


ducts... 


Printed Circuit Relays... 


\ new development in printed circuit 
relays consists of an assembly which pei 
mits single or multiple installation of mei 
cury-wetted contact relavs in the small 
space of a printed circuit board. The in 
dividual switch capsules and coils are af 
fixed to the printed circuit’ board and 
sealed from dust, moisture. and tampering 
by the application of a tough vinyl coat 
ing. Customers’ printed circuit boards may 
be adapted to include either the standard 
HG mercury-wetted contact relay, or the 
ultra-high-speed HGS, as well as other s¢ 
lected components. C, P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, Tl. 


Long-Life Thermocouple... 


This thermocouple has been designed 
primarily for direct immersion in molten 
aluminum, magnesium, and lead. The pro 
tecting tube consists of a length of rein 
forced Fiberfrax (registered trade mark) 
base material usable up to 2.200 F which 
exhibits the strength of metal and corro 
sion resistance said to be superior to that 
of any known ceramic tube. The material 
is not wetted by molten aluminum and 
cannot contaminate critical melts with 
iron or other foreign impurities. Pyrome- 
ter Co. of America, Inc., Penndel, Pa. 


Silicon Controlled Rectifier... 


This three-junction semiconductor 
will switch rapidly to a conducting state 
either when a signal is applied to its third 


terminal, or when its critical breakover 


r 7" 


voltage is exceeded. Thus, it is capable of 
performing many of the functions of a 
magnetic amplifier, thyratron, or power 
transistor. The units are capable of con 
trolling 16 amperes of current for static 
switching, d-c motor controls, ignition 
firing, and similar switching uses, or fon 
blocking voltages from 20 to 200 volts, 
International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
(Continued on page 204) 
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Popular, small Model VT2 (with overvoltage). Volts 
output: 0-120/132; amps output: 1.5... Model VT2N 
(without overvoltage). Volts output: 0-120; amps 
output: 1.8. This model delivers more current than 
existing transformers of comparable size and price. 


* ee 
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Models VT4 and VT4N provide output capacity greater 
than other units of comparable size and price. Model 
VT4 (with overvoltage). Volts output: 0-120/140; 
amps output 3.5 . . . Model VT4N (without over- 
voltage). Volts output: 0-120; amps output: 4.75. 











Models VT8 and VT8Noffer the heavy capacity demanded for general laboratory and industrial applica- 
tions. Model VT8 (with overvoltage). Volts output: 0-120/140; amps output: 7.5... Model VT8N 
(without overvoltage). Volts output : 0-120; amps output 10.0. Units available for 240-volt input also. 


Now you can get fast delivery from stock on 35 different positive current transfer is achieved with direct brush to 
models of Ohmite variable transformers. This newly ex- slip-ring, pig-tailed connection. Adjustable shafts on sizes 
panded selection covers a high percentage of industrial VT4 and VT8 extend either to the brush or the base side. 
needs. In it you will find single and three-phase units, two These two models also are interchangeable wth competitive 


“ 


and three-in-tandem assemblies (not shown above), plus a makes of comparable ratings. The “N” types in all three 
variety of other cased and uncased models. models provide additional current without overvoltage. The 

Ohmite “v.t.” variable transformers combine fresh think- next time you need variable transformers, select from the 
ing in design with traditional Ohmite quality. For example, line with advanced design—Ohmite. 


Write for NEW Stock Catalog 30. 
OH Ml ) OHMITE MANUFACTURING COMPANY 


3614 Howard Street, Skokie, Illinois 


RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES TANTALUM CAPACITORS DIODES 
VARIABLE TRANSFORMERS R. F. CHOKES 
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LOW-COST D-C POWER SUPPLIES 


Standard output voltages from 3 to 1000 VDC at 30% intervals... 
Maximum powers of 50, 100, 200, 400, 750*, 1500*, 3000** watts 


These new Sorensen MD supplies form one of the most comprehensive and econom- 
ical power supply series on the market. 


More than 130 catalog models to choose from, providing 20 output voltages in 
the range from 3 to 1000 vdc, inclusive. Sorensen engineers welcome the oppor: 
tunity to develop non-catalog models for unusual requirements. 


Simple, rugged design features magnetic voltage regulator to obtain +1% regu- 
lation against input line variations plus low-impedance silicon rectifier for good load 
regulation. (Typical regulation from 50% load to full load is 2% to 10%, depending 
on load current rating. Additional data can be supplied upon request.) Ripple: 1% 
rms max. (Some units can be supplied with 0.5% max. ripple.) 


Dependable, tubeless construction. Ali parts are conservatively rated for con- 
tinuous duty. Units will withstand output short circuits without damage to compo- 
nents. 


19-inch rack-panel mounting for all units simplifies application in lab or custom: 
built equipment. 


Rugged MD series supplies are just one example of the outstanding power-supply 
models offered by Sorensen. Sorensen controlled power equipment, with the widest 
line, enables you to make the wisest selection. Included are: regulated d-c supplies, 
regulated a-c supplies, variable frequency power sources (frequency changers; for 
example, 60 to 400 cps), high voltage supplies (to 600 kv, ac or dc), and miniature 
converters and inverters. Available in an extremely wide variety of input-output 
combinations. Write for complete specs. Sorensen & Company, Richards Ave., South 
Norwalk, Conn. 9.48 


**Voltage range, this size: 
12 to 1000 vdc 


*Voltage range, these sizes: 
6.3 to 1000 vdc 


CONTROLLED POWER PRODUCTS 


... the widest line lets you make the wisest choice 


A subsidiary of Raytheon Company 
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New & Improved Products 
(Continued from page 18A) 


“‘Hermaphrodite”’ Electrical 
Connector... 


[he main feature of this connector is 
that each length of cable is both a plug 
and a socket. The immediate need for 
these is in highly mobile military commu 
nications and power equipment. The new 





connectors have a power rating of up to 


100 amperes, 440 volts ac, and are suit 


able for 2- 3- or 4-wire cables. Specialty 
Electronics Development Corp., Syosset, 


N.Y. 


Automatic Insulation Tester... 


Fifty test samples of transformers, 
motors, Capacitors, cables, bushings, switch 
gear, and other electrical equipment can 
be subjected simultaneously to high-volt- 
age breakdown tests for unattended periods 
up to 12 hours with this apparatus. Indi 
vidual components or circuits connected 
to it are automatically tested in sequence at 
a preset potential. When a breakdown o1 
leakage occurs in excess of a predetermined 
value, the device may sound an alarm, shut 
off completely, or continue checking the 
balance of the units. In addition, the test 
potential will drop to zero on the unit 
that has failed. Associated Research, Inc., 
3777 W. Belmont Ave., Chicago 18, HL. 


Nonreproducible 
Blue Line Paper... 


Transblue 200 T is a translucent, dry- 
developed diazo paper coated with a light 
blue line sensitization which is not re- 
producible on other diazotype materials. 
The blue line serves only as a legible guide 
and does not obstruct actinic light and 
therefore will not reproduce. Transblue is 
especially well-suited for color separation, 
visual aid materials, geological maps, medi 
cal training charts, designing wiring dia 
lifting out details from 
assembly drawings. Line drawings can be 
made from photographic copy by printing 
the negative on Transblue and using the 
outlines of the negative image for guides. 
General Aniline and Film Corp., Ozalid 
Div., Johnson City, N.Y. 


grams, and 
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One of a series 


On the riddle of rolling friction 


It doesn’t take much to roll a hard ball across a hard, 
smooth, level surface — actually only about 0.00001 times the 
normal force acting vertically on the ball. But by careful 
measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 
confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the material, 
not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 
is to learn more about the elastic and inelastic behavior 

of materials. This knowledge — of academic interest now — will 
eventually give GM engineers greater control of energy lost through 
friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


F - Ibs 





Relationship of rolling force 
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New & Improved Products 


(Continued from page 20A) 


Miniature Data Printer .. . 


A data printer that is smaller than a 
pack of cigarettes and weighs only a few 
ounces has been developed in the Research 
Division of New York University. Because 
the printer requires very little operating 
power, recordings can be made directly 
from the output of most electronic devices, 
thus eliminating the usual isolation and 
driver stages. Printing is accomplished by 
energizing the appropriate elements of an 
array of stainless steel printing segments. 
The device can print as many as 20 digits 
simultaneously. New York University, Col- 
lege of Engineering, New York 53, N.Y. 


Built-in Battery Charger... 


Here is a battery charger that is built 
directly into the battery container. The 
new AR-2 silicon rectifier charger will re- 
charge a 6-cell, 12-volt motive power bat- 
tery overnight. Available in two different 
size battery combinations for trucks with 
integral battery compartments, the unit 
plugs into any standard 15-ampere, 115- 
volt, 60-cycle convenience outlet and is 


completely automatic in operation. The 
Ask for the Electric Autolite Co., C & D Batteries, Div., 
New 40-page Conshohocken, Pa. 


KIRK . flum 


Sealed-In Motor... 


Sheet and Plate The lubricating oil is sealed inside the 
turning-rotor of this fractional horsepower 
7 ° : : : 

Fabrication Catalog electric motor, thereby cutting oil oxida- 
tion to a minimum. The result is that the 
S/L 1085 should run continuously for 10 
years or more without attention. Quiet in 


SEE the endless variety of products, over 100 illustrations, 
contract manufactured since 1907 by Kirk & Blum in sheet and 
plate to 4%” thickness, as well as light structurals. 


SEE the extensive facilities and equipment of Kirk & Blum’s 
170,000 sq. ft. plant .. . for steel and alloy fabrications up to 
25 tons. 


SEE how Kirk & Blum can handle your needs, for 1 or 1000 
units, economically and promptly, with traditionally high 
K & B quality. 


Simply clip and send coupon below for your copy. 


THE KIRK & BLUM MANUFACTURING CO. 3204 Forrer St., Cincinnati 9, Ohio 


Please send me my copy of new Fabrication Catalog. 


Name_ a 


Firm operation, the motor is applicable to many 
industrial and domestic uses such as circu 
lating air inside home and display freezers, 
cooling electronic data machines, driving 
small exhaust fans, and cooling larget 
motors. Howard Industries, 1760 State St., 
Racine, Wis. 
(Continued on page 25A) 
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Now from Weston— 


a new package concept 


for 


AC-DC 


laboratory standards 








eel 


eee 65 DC AMMETER CALIBRATOR 


ReaA —— | 
MODEL 64 DC VOLTMETER CALIBRATOR 


ee i - tg 


time-saving, easy-to-operate 


calibration consoles—accurate within .05% in D.C. 


1% in A.C. 


There’s remarkable simplicity and precision in these 
Weston AC and DC Calibration Consoles — design sim- 
plicity that is readily apparent in clean, uncluttered 
panels ... operating simplicity that now enables one 
operator to perform the work in 1% the time previously 
required by two skilled operators... with the precision 
of Weston engineering and craftsmanship that assures 
ultimate accuracy. Highly stable and readily adjust- 
able, these consoles are truly value-packed. 

Unique switching networks automatically divide 


scales into any number of equal parts regardless of 
range. It’s no longer necessary to calibrate each check- 
point or set up extra equipment to obtain required out- 
puts. Operation is reduced to four or five simple steps. 

These consoles typify Weston 
leadership in long-term reliability 
and stability. All are supplied in 
blue-gray cabinets or ready for 
mounting in standard 19” rack pan- 
els. Also available: an oil bath which 
accommodates up to 12 Weston 
Normal Standard Cells . . . main- 
tains temperatures within .01C. Re- 
movable racks also fit baths at U.S. 
Bureau of Standards. 

For full information, contact your 
local Weston representative ... 07 
write to Daystrom-Weston Sales 
Division, Newark 12, N. J. In 
Canada:' Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., 
Newark 12, N. J. 


MODEL 66 CONTROLLED TEMPERATURE BATH 


MODEL 62 AC AMMETER CALIBRATOR 


WESTON 
hitiumetan 


WORLD LEADER IN MEASUREMENT AND CONTROL 


Prove. 63 AC VOLTMETER CALIBRATOR 
| eee 
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these 
“rebel” 
technicians 
make 

sure 

Ze} ) 

get... 


“LABORATORY QUALITY’ ON PRODUCTION LINE CABLE 


Circle lab men are different. They 
like to get out in the plant. 


Reason: to make sure that the quality 
they build into a cable in the lab—is 
all there in the cable you buy. 


That’s why you'll often find them in 
the plant working closely with men 


from process control, inspection and 


testing. In the photo above, for ex- 
ample, two Circle lab men help check 
extruder pressure and temperature 





for a special butyl compound devel- 
oped for high voltage power cable. 


Such close cooperation between labo- 
ratory and quality control personnel 
is unusual in the wire and cable field. 
It is another reason, however, why 
Circle products have grown to enjoy 
their reputation for high quality. 


Next time you buy or specify cable, 
we suggest you ask for Circle. 
There’s no finer cable made. 


WIRE & CABLE 


a subsidiary of 
Cerro DE Pasco Corporation 


RUBBER COVERED WIRE & CABLE + VARNISHED CAMBRIC CABLE + PLASTIC INSULATED CABLE + NEOPRENE SHEATHED CABLE + CIRTUBE* EMT 








New & Improved Products 


(Continued from page 22A) 


Open Cutouts... 


4 completely new line of 100-ampere 
open cutouts extends overcurrent pro- 
tection to a range previously unattainable. 
These cutouts have voltage ratings of 7.8, 
15, and 27 kv and feature exceptionally 
high interrupting ratings of 20,000, 16,000, 
and 6,000 amperes, respectively. Test 
proven LMO cutouts afford superior fault 
current protection to distribution systems 
with voltages of 7,200 volts delta through 
14,400/24,900 volts grounded wye. Line 
Material Industries, Milwaukee 1, Wis. 


Circuit Protector... 


The Fusematic is a 600-volt co-ordi- 
nated fuse-breaker unit that offers fault- 
circuit protection at a substantially lower 
cost than if a conventional breaker alone 
were used. Combining components of 
conventional low-voltage power circuit 


breakers and current-limiting fuses, the 
apparatus is rated up to 1,600 amperes 
continuous and 200,000 amperes inter 
rupting capacity. Its primary application 
is for service entrance and feeder pro 
tection where high fault current exists. 
Federal Pacific Electric Co., 50 Paris St., 
Newark I, N.J. 


Silicone Varnish... 


An all-new Class H silicone dipping 
and impregnating varnish that is as easy to 
process as most Class 4 and B varnishes 
cures in only 6 hours at 150 C. Despite its 
low curing temperature, this varnish meets 
AIEE requirements for use in 220 C sys 
tems and will make it possible for original 
equipment manutacturers and service 
shops to produce Class H units or pro 
duction equipment designed for Class 4 
and B equipment. Dow Corning Corp., 
Midland, Mich. 


(Continued on page 27A) 
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You can build transmission-grade construc- 

tion into distribution deadends when you use 

the low-cost, aluminum Cooline L-W clamp. 

The O-B Cooline L-W is especially 

designed for the distribution trend to larger conduc- 

tors and shorter spans, but it offers many of the 

advantages of the heavy-duty Cooline series for 
transmission lines. The L-W has: 

Excellent Holding Strength - - More than adequate 
for distribution deadends -- 10,000 pounds for two 
U-bolt clamps, 15,000 pounds for three U-bolt model. 

Aluminum Construction - - Minimizes electric losses 
and conductor heating. 

No Need to Cut Conductor -- Conductor can be 


Af “LIVE BETTER 
“Corer” 


— EVV VENM FSS WNW ee 


~ See VE MSI VIIA VV * VIN Vee ee 


strung in continuous loop without cutting or splicing. 
It automatically comes off at the proper angle for 
making the jumper loop. 

Protection for Conductor -- Wavy seat of clamp 
and special contour of captive keepers develop firm 
holding action without crushing conductor. 

Wide range of conductor sizes (.20 to 1.3 inches 
diameter ), light weight, standard packaging for easy 
handling and inventory, and simple installation are 
among the many benefits of this versatile clamp. 

You get all this in the Cooline L-W at a price that 
will surprise you -- pleasantly. Check the L-W and 
you'll find it’s today’s real bargain in distribution 
deadend clamps. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 


PORCELAIN INSULATORS + LINE HARDWARE + CAPACITORS + LIGHTNING ARRESTERS 
BUSHINGS + HOLAN TRUCK-MOUNTED POWER DEVICES AND BODIES + BRONZE VALVES 








New & Improved Products 


(Continued from page 25A) 


Single Image 
Video Recorder... 


At the touch of a button, this device 
will instantly store a single frame of a 
television picture for immediate recall and 
prolonged study. Using an_ electrostatic 
storage tube, the apparatus will be useful 
in displaying one moment in a televised 
sporting event, or a nonrecurring military 
or commercial test. It will also be useful 
as a means of displaying high-speed mo, 
tion illuminated by a flash lamp. Input 
and read-out is a composite video of stand 
ard amplitude and polarity. A single frame 
of input is sufficient to obtain a full 
contrast stored picture. Image Instruments, 
Inc., 2300 Washington St., Newton Lower 
Falls 62, Mass. 


Shuntless Tilting 
Insulator Switch ... 


This shuntless tilting insulator switch 
called type TRS is available in voltage 
ratings of 7.5 to 23 kv and continuous cur- 
rent ratings of 400 to 600 amperes. Switches 
rated at 400 amperes have a momentary 
rating of 20,000 amperes while those rated 
at 600 have a momentary rating of 40,000 
amperes. A reversed-loop type of contact 
has been incorporated in this switch for 
the first time, thereby providing more 
than adequate capacity for handling short- 
circuit currents for which it is rated. 
Southern States Equipment Corp., Hamp- 
ton, Ga. 


Time Delay Switch ... 


Weighing less than 3 ounces, this new 
solid-state time delay switch is capable of 
handling up to 50 amperes without arc 
ing, contact damage, radio interference 
audible noise, or vibration. Voltage ratings 
are 24-31 volts d-c and all parts are her 
metically sealed. George Harmon Co., Inc. 
Northridge, Calif. 


Electronic Sensing Control... 


Extensively redesigned, this new con 
trol recognizes metallic or nonmetallic 
objects without physical contact as they 
enter a capacity field. For use where 
switches are impractical, the Model 400 
consists of a sensing element connected by 
coaxial cable to the electronic control 
Not only does the unit recognize errors or 
deviations from the constant as objects 
enter the field, but it indicates whether 
the sensed objects are too large or small, or 
too near to a predetermined setting. Appli 
cations include detecting variations in 
material flow, moisture content, presence 
of foreign substances in fluids, detecting 
undesireable areas in continuous strip 
materials, and many other sensing opera 
tions. Security Controls, Inc., 503 Franklin 
St., Buffalo 2, N.Y. 
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MOTOR CONTROL CENTERS 
make tt tabk Couder/ 


When all the costs are totaled up at the end of the job 
Nelson’s ease of installation and compact design will let you 
beat the estimate. 

And even that is not the whole story. Nelson’s coordinated 
design, using components specially selected for long trouble-free 
service, means less maintenance cost down through the years. If 
saving money is important you will specify and buy Nelson 
motor control centers. 


.... MONEY ISN’T EVERYTHING 


Other things are also important. The people at Nelson are 
interested in seeing that you have the very best workman- 
ship. Nelson engineers with their long experience in motor 
control will see that your job is built to do exactly what 
you want it to do. Cooperative team work is more than a 
phrase at Nelson. 


- « - GET THE FULL STORY 


Write for the descriptive brochure that gives you full 
details on Nelson motor control centers. Sizes, types, 
ae components, design features and sample specifications are 
4 all included. 
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> NELSON ELECTRIC MANUFACTURING CO. $ 
« P. O. Box 5385 — Tulsa, Oklo. = 
° Please send me oa free copy of your new Nelson Motor Control Center bulletin. ° 
. 
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a major source of electrical 


control equipment pfor industry 
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TULSA, OKLAHOMA 
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Expanding a capability... 





Raytheon’s Airborne Electronic Subdivision this month occupies a new 
multi-million dollar research and development laboratory. 


Creative effort within this new facility will be directed at featherweight 
transistorized Doppler radars; altimetry and terrain clearance techniques; 
satellite weather radar studies; airborne early warning radars; missile boost, 
flight and terminal guidance problems; radiometry; and other areas. 


Like the B-58’s sophisticated search and Doppler radars, the systems, 
subsystems or equipments developed will find application in manned aircraft, 
missiles, drones, and a variety of space carriers. 


To engineers and scientists with particular interest in this work, the new 
laboratory offers complete professional satisfaction in an academic environment. 
For immediate information on select staff appointments, write Mr. Donald H. 
Sweet, Engineering & Executive Placement, Raytheon, 624 R Worcester Road, 
Framingham, Mass. (suburban Boston). 


AIRBORNE ELECTRONIC 
GOVERNMENT EQUIPMENT DIVISION 


: rf 
AIRBORNE " SUBMARINE SYSTEMS HEAVY 
EXCELLENCE ELECTRONIC SIGNAL MANAGEMENT ELECTRONIC BARBARA 
IN ELECTRONICS 
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Permit No. 358 
Fullerton, Calif. 
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HUGHES-FULLERTON RESEARCH & DEVELOPMENT 


Hughes Aircraft Company 


Building 600, Room 
Fullerton, Orange County, California 
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ARE YOUR TALENTS 
BEING RECOGNIZED ? 


Hughes-Fullerton’s unique, new 
Professional Capabilities Register 
insures recognition of all your abilities 


If you would like to know more 
about Hughes-Fullerton and par- 
ticipate in the new Professional 
Capabilities Register, please re- 
turn this post-paid card, today. 

Creating a new world with ELECTRONICS 


© 1959, HUGHES AIRCRAFT COMPANY 


FULLERTON-RESEARCH & DEVELOPMENT 


Please turn the page for information on the new Hughes-Fullerton Professional Register 





Are your talents being recognized ? 


Most engineers have had to face an unpleasant 
fact. Often an employer will hire from outside to 
fill a supervisory post. Entirely qualified men 
inside" are passed over. The problem is generally 
one of communication. The employer simply does 
not have adequate knowledge of his employees’ 
abilities and promise. 

Hughes-Fullerton’s new Professional Capabilities 
Register reflects the complete engineering-orien- 
tation of this fastest-growing Hughes activity. 
(From 800 to nearly 6,000 people since 1957. 
Planned, scheduled growth.) 

The Register makes instantly available a complete 
record of every individual's abilities, interests and 
accomplishments. Previously hidden talents can 
now be put to use. Often these can mean the 
difference when reassignments or promotions are 
being made. Your potentials become a very real 
resource of Hughes-Fullerton Research and Devel- 
opment Staff. 

Areas covered in the Register range from lan- 
guage skills through patents to books and articles 
published. It includes teaching experience, pro- 
fessional affiliations. All data is kept up-to-date 
and handled by automatic data processing equip- 
ment for utmost efficiency. 

Hughes-Fullerton'’s philosophy of giving pre- 
cedence to the needs of engineers has worked 
well. Hughes-Fullerton was first with three-dimen- 
sion radar...a major breakthrough in the state of 
the art. Other vital areas of 

interest include advanced : W 
data processing and elec- : 
tronic display systems. Pep AOA gi fy 
These are afew reasons why Peet eA teu € 
you should investigate 

Hughes-Fullerton. Openings 

exist at several experience 

levels for a variety of engi- 

neering specialties. For full 

information fill out the post 

card and mail it today! 
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first phase of the Professional Register Program and will 





BS MS PhD Date (s): 


wu 











School (Highest Degree) 


Mathematics 


FULLERTON, ORANGE COUNTY, CALIF. 


When you complete the Program, the inventory of your taients and ca 
recorded on over 20 electronic data-cards available for instant use in guiding your future 
progress at HUGHES-FULLERTON. 


make a preliminary evaluation of your abilities. All inquiries wi 


Please complete th 
Address 
Education: 


City 











Professional Engineering Directory 


Professional Engineering Directory Card 1” or 2” 12 times $180.00 





ELECTRICAL TESTING 
LABORATORIES, INC. 


2 East End Avenue, New York 21, WN. Y. 


Electrical Electronic, Environmental, 


Photometric and Chemical Laboratories 


Testing, Research, Inspection and Certification 











THE KULJIAN CORPORATION 


Engineers ¢ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro. Diesel) 


Utility * Industrial ¢ Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 





MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley Colorado 














INTERNATIONAL 
ENGINEERING COMPANY. INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreign - 
74 New Montgomery St.. 
San Francisco 5, Calif. 











PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural © Civil 


% Nuclear © Architectural 


Ny) 


> 
» Vv 
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FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvania 


MULTI-AMP Division 
MULTI-AMP ELECTRONIC CORPORATION 


Designers * Engi s * Builders 

Portable Electric Test Equipment 

Field and Laboratory insti ts; Load Boxes 
For low-voltage testing and calibrating of cir- 
cuit breakers, protective and overload relays, 
reclosures, watthour meters, fuse links. 

467 B Lehigh Ave. Union, N. J. 























DE LEUW, CATHER & COMPANY 
CONSULTING ENGINEERS 
Public Transit Subways 
Traffic & Parking Railroad Facilities 
Expressways industrial Plants 
Grade Separations Municipal Works 
Urban Renewal Port Development 
150 North Wacker Drive, Chicago 6 
San Francisco Toronto Boston 








BLACK & VEATCH 


Consulting Engineers 


Electricity—Water—Sewage—Gas 
Industry Reports. Design. 
Supervision of Construction. 

Investigati Valuati and Rates 
1800 Meadow Lake “arkway 
Kansas City 14, Missouri 











JACKSON & MORELAND, INC. 


Jackson & Moreland International, Inc. 
ENGINEERS and CONSULTANTS 
Electrical—Mechanical—Structural 

Design and = of Construction 
-t- FOF <:- 

Utility, Industrial and Atomic Projects 
Surveys; --Appraisals—Reports 
Machine Design—Technical Publications 

‘ON WASHINGTON 





NEW YORK 











HIGHLAND DESIGN INC. 
William R. Spittal & Staff 


Design. Development and Manufacture 
of Transformers, Chokes, Etc. 
for the 
Electronics, Industrial and Allied Fields 


90 Magnolia Ave.. Westbury. L.I., N.Y. 
EDgewood 3-2933 











CONSULT THIS 
DIRECTORY 
when in need of specialized 


engineering service 











SARGENT & LUNDY 
ENGINEERS 
Consultants to the Power Industry 


STUDIES + DESIGN * SUPERVISION 
140 South Dearborn Street, Chicago 3, tll. 
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NON-SLIP CHUCK 
holds lead firmly 
at any length you 
want. Lead can’t be 
pushed back into 
barrel—and won't 
twist in sharpener. CURRENT 
TRANSFORMERS 
(reduced 4 times actual size) 
NEW! 

cs 
SATIN-FINISH 
METAL GRIP is 
knurled for easier 
ae — = | COILS, paper section, form wound and special constructions. 
te a on paar € CORES, TOROIDAL, grain-oriented silicon-steel. 
less finger tension. CURRENT TRANSFORMERS, single and multi-ratio, Donut type. 

| FREQUENCY DOUBLING TRANSFORMERS, 25-50 cps, 60-120 cps. 

REACTORS, fixed, variable (VARI-HENRY). 
REACTORS, saturable (toroidal and c-core types). 
TAK-A-PART TRANSFORMERS and REACTORS for labs and schools. 
TRANSFORMERS, toroidal, instrument and power. 


Take your pick from these items and we shall be glad to quote you 
upon receipt of your specifications.—Remember there is no set-up 
charge for small quantities of special constructions. 


NEW! 


THE ANODIZED 
ALUMINUM BAR- 
REL is unbreak- 
able. And it can't 
roll off the board be- 
cause it's hexagon- 


shaped. SPECIALISTS IN CUSTOM-BUILT ELECTRO-MAGNETIC DEVICES 
P.O. BOX 476, Dept. EG2, Trenton 3, N. J. 
NEW! 


PUSH-BUTTON in- oe 

ere Industrial Notes 

chuck’s grip on the , eee 
lead at the touch of 
the thumb. It's col- \ . , : 
ored for quick iden- Martin Nuclear Division Bureau's Aanagese riggs geen eg 
. in suburban Suitland, d., provided by 
tification of grade. Baltimore, Md. . . Motorola Inc., 4501 W. Ab rs Blvd., 
Chicago 51, HL., the system will take in- 
formation from a magnetic tape at one 
station and record it on a similar tape at 
the receiving station. The tape can then 
be used as input for the IBM 704 com- 
puters used at both stations. Phe trans- 
mitted information will consist of official 








\ bundle of metal tubes small enough 
to fit inside the trunk of a car will con 
tain 2 years’ supply of fuel for one of the 
first nuclear power plants, designated 
PM-1, to be installed at an operational 
U.S. Air Force station at Sundance, Wyo. 
Heat supplied by nuclear fission inside 
the tubular fuel elements will be trans- : 
This lifetime lead holder for just mitted to water flowing under pressure These reports will be processed by song 


NBS computers and the results will be 
‘ through and around the tubes. A heat . P , 
. transmitted back to the Suitland station. 
exchanger will transfer the heat to a sec- 


: Computers at both locations are used be- 
ondary system, in which water at normal 
‘ cause of a heavy work load and the need 
pressure will be turned into steam to ae 
: : for standby facilities. 
drive a conventional-type turbine gener- 
enema ator. The entire plant, including the gen- 
erating equipment, is being designed by 
Martin Nuclear Division, Baltimore 3, 
Md., under contract to the U. S. Atomic 
Energy Commission, in a series of factory- Consolidated Electrodynamics 


assembled “packages” which can be inter- . 
All-metal construction connected at the Wyoming site. Pasadena, Calif. . . 


makes it the buy of a lifetime. A magnetic tape recorder /reproducer 
built by the DataTape Division of Con- 


EAGLE = Motorola Inc. solidated Electrodynamics Corp., 360 
: Sierra Madre Villa, Pasadena, Calif., has 

hicago, Ill. . . ae 
Chicago, been delivered to the National Aero- 
TI IR [ JOISE lhe U. S. Weather Bureau is install- nautics and Space Administration to re- 
ing a 10-mile microwave system to trans- cord telemetered data from Project Mer- 


cury, the nation’s first manned orbital 
PENCILS, LEADS AND HOLDERS 2 


weather reports assembled at Suitland. 





mit data between computer stations at , 
the National Bureau of Standards (NBS) space flight. 


EAGLE PENCIL COMPANY, DANBURY, CONN. in Washington, D. C., and the Weather (Continued on page 34A) 
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TIONAL stopped brush breakage! 


TRADE MARK 


DOWN-TIME COULD HAVE COST THIS POWER COMPANY A FORTUNE! 


PROBLEM: Threading and grooving of 
the steel field rings on giant turbine 


generators. 
RECOMMENDATION: ‘National” brush grade 634. 


RESULTS: This brush eliminated threading, 


[he. grooving and resisted breakage and chipping 
A . 


when applied to eccentric rings. 
“RED” BLACKBURN 


Contact your “National” Brush Man 


ON 
“‘National’’, “‘N’’ and Shield Device, and ‘“‘Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 


OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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NEW BIDDLE 


DIELECTRIC 


5KV-IMA 


Maximum 
Output Current 
5 MA at 
Output Voltage 
up to 4 KV 


This newest addition to the complete 
Biddle line of dielectric testing equipment 
has been specially designed for step-volt- 
age resistance tests, voltage withstand, 


and breakdown tests on the insulation of 


such equipment as 


@ rotating electrical machinery, dry- 
type transformers, switchgear, ca- 
pacitors and insulators rated from 
230 to 500 volts 

@ traction motors and generators 


@ wiring and cable installations 


Compact portable set is housed in shock 
and wear resistant case for severe field use 
in testing reconditioned equipment after 
installation, as well as for preventive 
maintenance of installed equipment. Also 
available in a bench model for making ac- 
ceptance and proof test on electrical insu- 
lating systems for quality control in man- 
ufacturing and repair. For complete 
description, specifications and_ prices, 
WRITE FOR BULLETIN 22-5-EE. 





TEST SET 


PORTABLE 
MODEL 


High Maximum Output 
Current 


Suitable for Impulsing 
Faults 


Efficient Performance 
even in Humid 
Atmosphere 


Full-Wave Dry-Type 
Rectifier Assures Long 
Service Life 


Protected Against 
Damage by Short- 
Circuit at Maximum 
Output 


Built for Rough 
Handling in Field 
Service 


Available in Portable 
or Bench Models 


BENCH MODEL 


JAMES G. 


BIDDLE co. 


Electrical Testing Instruments * Speed Measuring Instruments 
Laboratory & Scientific Equipment 
1316 ARCH STREET, PHILADELPHIA 7, PA. 
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Industrial Notes 


(Continued from page 32A) 


Sperry Gyroscope Co. 
Great Neck, N.Y... 


\ completely transistorized fire con- 
trol instrument that will control the 
latest type of antisubmarine warfare tor- 
pedo, is under development at the Sperry 
Gyroscope Co., Division of Sperry Rand 
Corp., Great Neck, N. Y. Called the Mark 
/8 angle solver, this instrument is being 
developed by Sperry for the U. S. Navy 
Bureau of Naval Weapons under sub- 
contract to Westinghouse Electric Corp., 
Baltimore, Md. 


Bailey Meter Co. 
Cleveland, Ohio... 


U.S. Steel Corp., Fairless Works, has 
purchased a digital data system to monitor 
and log temperatures on 16 soaking pit 
recuperators. The Metrotype Information 
System, as it is known, is being engineered 
and manufactured by Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland, Ohio. Moni- 
toring is to be continuous, with a type- 
written log of all temperatures made at 
regular intervals, and upon detection of 
any off-normal temperature. Of prime 
importance to U. S, Steel in selecting a 
digital data system for this service was 
a saving of panel space and a reduction 
of time required for routine operations. 


Philips Electronic Instruments 
Mt. Vernon, N.Y... 


The 35th Norelco X-ray School will 
be devoted entirely to the subject of 
X-ray spectrography, according to Philips 
Electronic Instruments, 750 8. Fulton Ave., 
Mount Vernon, N.Y. Sessions will be held 
at the Henry Hudson Hotel, 353 W. 57th 
St.. New York City, during the week of 
February 15—19, 1960. Registration for the 
course is Open to chemists, metallurgists, 
physicists, production supervisors, quality 
control engineers, and others interested in 
the applications of X-ray spectrography. 


IBM 
White Plains, N. Y... 


Philadelphia has joined the major 
cities where powerful International Busi- 
ness Machines Corp. (IBM) computers 
will be available to businesses by the 
hour. A Datacenter will be operating in 
the metropolitan area by the middle of 
1960 as the latest in a series of similar 
installations planned across the nation. 
They represent a radical departure from 
IBM's traditional monthly leasing policy 
for data-processing equipment. IBM Data- 
center users will supply their own  pro- 
grammers and their own operators. IBM, 
Data Processing Division, 112 E. Post Rd., 
White Plains, N. Y. 

(Continued on page 36A) 
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Lower, lighter up to 40%! 
For use anywhere in your system 


1. Electrical resettable drag hands on position indicator, 
reset from push button in control panel. 


2. Oil-sight gauge in tank wall reveals oil level at all times. 


3. Horizontal external by-pass arrester offers high-voltage 
protection. 


4. Easily read, six-digit, direct-reading counter records 
JFR’s life history to one million operations, 


... And 19 more customer benefits. 


Where to get more JFR regulator facts fast— 
Bulletin 21B7977€E. 


Call, write or wire... 


(AC> ALLIS-CHALMERS 


“Originators of 544% Step Regulators” 
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Industrial Notes 
(Continued from page 34A) 


Miniature Precision Bearings, Inc. 
Keene, N.H... 


A new western technical center and 
sales office has been opened by Miniature 
Precision Bearings, Inc. at 8621 S. Bellanca 
Ave., Los Angeles 45, Calif. The new cen- 
ter is to provide greatly expanded engi- 


a] af | 
Y i neering services for customers in the 
Vy western region. A fully equipped bearing 
J & test and evaluation laboratory, called the 
‘ 7 CL ye White Room is so finely air conditioned 
( is s « . 


that particles larger than 0.3 microns are 
filtered out. The expanded engineering 
Waray y : services will include special engineering 
we) iy i assistance to design and application engi- 

f neers, as well as to all people engaged in 
the selection, purchase, handling, and 
evaluation of miniature and instrument 
ball bearings. The facility will be sup- 
plied with a complete bearing inventory 
allowing for 24-hour delivery of prototype 
bearings. 


Ampex Corp. 
Redwood City, Calif. . . 


as 
® qaagnssssessss 
ans’ 


t Ampex Corp., 934 Charter St., Red- 
H i! i wood City, Calif., will henceforth be con- 
} r : ducting its domestic business through five 
fi Ei | integrated companies as part of a policy 
to decentralize and integrate operations 
along market or product centered lines. 
Ampex Data Products Co., with an In- 

From brawny, liquid-filled transformers strumentation Products Division and Com- 
outside of the Math and Physics Building, puter Products Division, manufactures 
Field House, and Fine Arts Building, to ] equipment for industry, business, space 


hi . i a } | technology, defense requirements, and 
y 2 Vy. , y y > > ‘Ie 2c. ° ‘o . . 
whisper-qulet ¢ ry type units in t ~ Class | scientific research, Ampex Professional 
rooms, laboratories, and dramatics hall, Products Co., with the Video Division and 
the University of Wichita uses Marcus Audio Division, produces professional 
transformers for dependable, trouble-free UNIVERSITY equipment for the television, radio broad- 
F casting and recording industries. Ampex 
Military Products concentrates on_ re- 


performance. WICHITA 

All Marcus transformers, both dry and ; aes 
. ‘ See oe a —s search and development work for the U. S. 
liquid-filled score “excellent in factory Government and Government prime con- 
tests. Loss tests, hi-pot tests,impulse tests, tractors. Ampex Audio, Inc., manufactures 
and sound-level tests are passed with complete stereophonic systems and related 
flying colors. For full power and guaran- consumer products for the hi-fidelity mar- 
teed satisfaction, specify Marcus for your ket. Orr Industries, manufacturer of mag- 


. . - netic tape for instrumentation, computer, 
next transformer installation. ; pete elaeamne ent ee Saget eens 
video, and audio applications, was ac- 


quired by Ampex in a recent merger. 


Hamilton Standard 
Broad Brook, Conn... 


ot 
P : “4 


"Mark of Quality” he 


been formed in the Electronics Depart- 
ment of Hamilton Standard, division of 
United Aircraft Corp. Printed circuits are 
} used in a number of the company’s elec- 
Representatives in Principal Cities | ° - tronic systems and are particularly im- 


i A complete printed circuit facility has 


portant in the department’s flight and 


1500 KVA OIL FILLED TRANSFORMER propeller controls. In addition, under 


the department's autonomous structure, 
TRANSFORM ER a) | printed circuits may be developed for 
7 nc. other customers outside the company. 
RAHWAY, NEW JERSEY : 
A COMPLETE LINE OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU S000 KvA | Wear Your @ ATEE Badve 
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What’s doing with 
flame-retardant 


POLYETHYLENE 


cable jackets these days? 


Here’s the man who can provide answers to your questions on 
polyethylene jackets and other wire and cable insulating or 
jacketing materials. 

He links you directly with Rome Cable engineers . . . cable 


specialists experienced in working with insulation and jacket 
materials like polyethylene, polyvinyl chloride, neoprene, na- 
tural or synthetic rubbers, and other wire and cable materials. 
He can utilize all of Rome’s vast technical services to 
provide detailed information to help you select the 
right wire and cable for your job. 
He's your Rome Cable salesman! Call him 
the next time you have a question concerning 
wire and cable. Ask him to show you a visual presentation of 
the facts about flame-retardant polyethylene. Get his name or 
more details on flame-retardant polyethylene by clipping the 
coupon below. 


DID YOU KNOW THESE FACTS ABOUT ROSEAL... 
Rome's flame-retardant polyethylene jacketing compound? 


1. Roseal is a non-metallic flame-retardant polyethylene com- 
pound used primarily as a jacket. 

2. You can use it in aerial, conduit, duct, direct-burial or in- 
water installations. 

. Excellent resistance to oils, chemicals and corrosive fumes. 

. Roseal has superior cold bend and impact properties. 

. Roseal jackets have a low coefficient of friction that permits 
easier pulling, faster installations. 

}. A laboratory test showed Roseal to have about 7 times higher 
wet-surface resistivity than neoprene. °® 

. Has less deformation at operating temperature than neo- 
prene. 

. Not only meets all of the requirements of IPCEA specifica- 
tions for polyethylene jackets but, in addition, meets original 
horizontal flame test requirements of Underwriters’ Labora- 
tories. 


*Unshielded cable 


ROME CABLE 





MAN 
WHO'S DEDICATED 
TO YOUR JOB 


YOUR ROME CABLE 
SALESMAN 


ROME CABLE 
DIVISION OF ALCOA 
Department 32, Rome, N. Y. 


ie Please send me more 


information on the above 


[] | want to “Meet The 
Man" who can tell me more 


Zone ...... State 
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Authoritative books for engineers 


NONDESTRUCTIVE 
TESTING 
HANDBOOK 


This new pioneering Handbook covers 
all the means of testing the essential 
properties and performance capabilities 
of materials, parts, components, and 
structures without impairing service- 
ability 


Explains and illustrates applications, advan- 
tages, limitations of 24 different test methods 
applicable in every branch of engineering and 
industry. Specifications, equipment costs, hun- 
dreds of pages of test interpretation data 
Prepared under the auspices of the Society for 
Nondestructive Testing. 1,100 illustrations, 
graphs, tables; 1,910 pp. 106 Contributing, 
Consulting Editors. Robert C. McMaster, Ed 
October, 1959 2 volumes, $24 


PRODUCTION 
HANDBOOK 


Packed with practical production know- 
how, this Handbook is the complete 
key to management-engineering 
methods that are revolutionizing industrial 
production today. Fully covers new materials, 
machines, processes, and proper functioning 
of company organization 


Supplies proved principles, time- and work- 
Saving systems, and successful operating pro- 
cedures for maximum productivity at mini- 
mum cost. Saves hours of research and costly 
experimentation 726 illustrations, tables 
1,726 pp. 48 Contributing, Consulting Editors 
Gordon B. Carson, Ed. 2nd Ed., 1958 $16 


MATERIALS 
HANDLING 
HANDBOOK 


The complete guide to modern mate- 
rials handling. This unique Handbook 
explains the governing principles, 
today’s most efficient methods and systems, 
and recommended equipment for moving 
material at least cost — whether in raw, in- 
process, or finished form 


Useful in all industrial situations, Handbook 
answers every basic question of work flow 
within and outside the plant. Sponsored by 
The American Society of Mechanical Engi- 
neers and the American Material Handling 
Society. 991 illustrations, tables; 1,740 pp 
84 Contributing, Consulting Editors. Harold 
1 Bolz, Ed.; George E. Hagemann, Assoc 
Ed. 1958 $20 


USE THIS COUPON 
TO ORDER HAND- 
BOOKS OR FREE 
DESCRIPTIVE 
BROCHURE 


Please send books checked below: 


Nondestructive Testing Handbook, 
McMaster, 2 vols $24 
[) Production Handbook, 2nd Ed., Carson . 16 
Materials Handling Handbook, 
Bolz-Hagemann . ‘ 20 
Please send free Descriptive Brochure on the 
above Handbooks. 


Check enclosed 








Send C.0.D. 


Bill firm } Charge my account 
es = sisiecilaeainibisiadesiaiaal 
Ordered by _ ‘eeteepehindien dias - 

EE 
Address 





Cit Zone__State 


THE RONALD PRESS COMPANY 








15 East 26th St., New York 10 
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SYSTEMS a: 
ENGINEERS a) 
% 


and digital computers. 





DH, 8 
OY “oe 





ELECTRONICS 


IS ENGINEERS 
Cs 


CHALLENGING R&D OPPORTUNITIES 


Fundamental and applied research in the fields of hydrodynamics, 
acoustics, electronics, network theory, servomechanisms, mechanics, 
information theory and noise reduction. Also design of electronic in- 
strumentation for underwater ordnance and application of analogue 


Opportunities for Graduate Study 
Faculty Appointments for Qualified Applicants 
Excellent Working and Living Conditions 


Send Resume to 


ARNOLD ADDISON, PERSONNEL DIRECTOR 
ORDNANCE RESEARCH LABORATORY 
THE PENNSYLVANIA STATE UNIVERSITY 
BOX 30, UNIVERSITY PARK, PA. 








rade Literature... 


Master Time and 
Program Signalling Systems .. . 


This 20-page catalog, published for 
the information of electrical engineers, 
architects, and maintenance personnel, 
describes Master time and program con- 
trols and secondary indicating clocks fox 
both impulse and wired — syn- 
chronous systems, as well as audible sig- 
naling equipment, including bells, horns, 
and chimes. Cincinnati Time Recorder 
Co., 1733 Central Ave., Cincinnati 14, 
Ohio. 


minute 


Data-Processing Literature ... 


Features, specifications, and applica- 
tions of the Model 20/ high-speed digital 
plotter, the Model 1/50 tape preparation 
and editing console, and logic switches are 
available in three brochures from Tally 
Register Corp., 5300 14th Ave., N. W., 
Seattle 7, Wash. 


Fuel Burning 
Equipment Catalog ... 


A 12-page, illustrated catalog shows a 
complete line of commercial and indus- 
trial fuel burning and auxiliary equip- 
ment; it has a particularly helpful Index 
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and Selection Chart which simplifies se- 
lection of appropriate equipment for any 
application. The entire Iron Fireman com- 
mercial-industrial line of oil burners, gas 
burners, dual-fuel burners for gas and oil, 
forced draft package units, boiler-burner 
units, coal stokers, factory wired combus- 
tion control panels, and the SelecTemp 
steam heating system is covered. Form 
6260 is available from Iron Fireman Man- 
ufacturing Co., 3170 W. 106th St., Cleve- 
land 11, Ohio. 


Engineering Catalog... 


This fully illustrated catalog is a gen- 
eral compilation of information on impor- 
tant aspects of electrical contact theory 
and practice to lend considerable assist- 
ance to the design engineer. Typical sec- 
tions of the engineering catalog include 
engineering services and facilities, elec- 
trical contact phenomena, design factors, 
selection, classification, and properties of 
contact materials, specific engineering data 
on Brainin Co. precious metals and their 
alloys, contact backing materials, com- 
posite and laminated materials, and many 
other factors applicable to many contact 
design problems. Write on company letter- 
head to C, S. Brainin Co., 320 Washing- 
ton St., Mt. Vernon, N.Y. 

(Continued on page 40A) 
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A TERMINAL {ANY AMP TERMINAL 


— 


For the 


world’s finest 
reliability 


Teeth-jarring circuit vibration a problem? How 
about searing temperatures, 1lOOOF° plus? 
Maybe metal-eating salt spray or corona is your 
circuit nemesis. 


No matter what the problem is or where... by 
specifying AMP, you can pick the exact solder- 
less terminal for your requirements from the 
broadest line on the market—whether you re- 
fol] [a-Mm dal-me-4a-t-) amo) dele 0 lea dle] pMt-y0l-1-16 Mme) ME- Tamed 1 
ENO) colsar-lotalial-mme) am dal-Me-Jael-) |e ae lame elaelelelondh aia me) 
lamVii team o]a-1015-1(e]amar-lale mm cole) B 


In fact when you specify AMP, you pick the 
JU] a -3-) angele) ¢- me) Mr-1 | Mm Comore] al-i1-) 4-10) mm -lele]alelaal ior] 
circuit reliability. If you want a better way to 
rol-S-1}-4ame-lale Maat-Talehi-(ead0]a-m 7e]0] mol | ceil] | ¢-emr-1-Jale mele 
the full story on AMP's solderless termina 
tion program. 


ANA N ©) -4m0),4- 2 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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In Computer Applications, 
you need PRECISION...and that’s the word 
for ARNOLD BOBBIN CORES 


For use in shift registers, coincident 
current matrix systems, pulse trans- 
formers, static magnetic memory ele- 
ments, harmonic generators and simi- 
lar equipment, Arnold Bobbin Cores 
meet the most exacting requirements. 

Quality and uniformity? You'll find 
them no problem—because, as a fully 
integrated producer with highly mod- 
ern facilities, we're able to maintain 
close control over every step. 

Arnold Bobbin Cores are available 
in a wide range of sizes, tape thick- 
nesses, widths and number of wraps. 
Magnetic materials usually employed 
are Deltamax and Permalloy, in 





standard gauges of 1, 4, 4 and 
mil, in widths from !%"’ through 14”. 
Core properties include quite rec- 
tangular hysteresis loops, relatively 
low coercive values and high satu- 
ration densities, plus the ability to 
shift in a few micro-seconds from 
negative remanence tO positive sat- 
uration, and vice versa, under con- 
ditions of pulse excitation. 

Let Arnold supply your require- 
ments for Bobbin Cores—or other 
tape-wound cores, powder cores, per- 
manent magnets, etc.—from the most, 
complete line of magnetic materials 
in the industry. 


/ 


Write for Bulletin TC-108A “Tape- 
Wound Bobbin Cores for Computer 
Applications.” Includes data on applications 
and properties, fabrication and testing of 
Arnold Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT. EL-O2 


Left: Ultra-thin tape for bobbin cores is rolled 
to high precision standards for thickness 
and finish on our own 20-high Sendzimir 
cold reducing mill, beta-ray controlled. 





74208 
SPECIALISTS in MAGNETIC MATERIALS 
THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
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Trade Literature 


(Continued from page 38A) 


Trimming Potentiometer 
Test Data... 


\ certified test report of particular 
interest to engineers with trimming po- 
applications, describes the 
Helitrim trimming _ potenti- 
ometer, a highly stable ceramic/metal unit 
produced in quantity by Helipot. Helipot 
Technical Information Service, 2500 Ful- 
lerton Rd., Fullerton, Calif. 


tentiometer 
Series 50 


Chemical Product Catalog... 


A %6-page product catalog and di- 
lists specifications, end-uses, and 
technical data for the more than 
products manufactured and dis- 
throughout the world by The 
Chemical Co. Industrial and 
products are reviewed in the 


rectory 
othe 
1,000 
tributed 
Borden 
consume? 
chemicals, mono- 


general areas of basic 


mers, polymers, resins, adhesives, coating 
materials, plastic products, fine chemicals, 
organic intermediates, and biochemical 
reagents. Write Department H, The Bor- 
den Chemical Co. 350 Madison Ave., New 


York 17, N. Y. 


Instrument Catalog... 


Chis 36-page, 1960 catalog describes 
a complete line of equipment which meas- 
ures the electrical characteristics of con- 
trol synchros, torque synchros, and com- 
puting resolvers. The theory of operation, 
operating procedure, and specifications for 
each item of equipment are described in 
detail. Theta Instrument Corp., 520 Vic- 
tor St. Saddle Brook, N. J. 


Switch and Terminal Catalog... 


The completely revised 24-page cata- 
log of switches and quick-connect —ter- 
minals gives detailed information on the 
expanded Comprehensive 
data on multicircuit push-button switches 
and the new multicircuit stack switches 
have been added to the information on 
range-heater, motor-reversing, toggle, and 
slide switches. The catalog gives details of 
handles, hardware, shaft styles, and ter 
minals and includes dimension drawings, 
wiring diagrams, circuit sequences, and 
electrical ratings for each switch listed. 
ARK-LES Switch Corp., 51 Water St., 
Watertown 72, Mass. 


product line. 


Capacitor Bulletin... 


With the addition of a new larger 
case size, type /09D tubular sintered-anode 
Tantalex (registered trade mark) capaci- 
tors are now available in capacitance rat- 
ings ranging from 560 uf, 6 volts to 43 uf, 
100 volts in the Group 2 + 20% tolerance 
units and from 330 uf, 6 volts to 30 uf, 
100 volts in the Group 1 units. The com- 
plete [ype /09D capacitors is 
given in Engineering Bulletin 3700D. 
Sprague Electric Co., North Adams, Mass. 
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Fabricated by CDF. Near the presses that produced the Dilecto 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . . . quickly, accurately, economically for the 
purchasers. This is a random selection from the five grades 


Low-cost 

insulation problems ? 
Look into these 

CDF Dilecto’ laminates 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 

CDF makes Di-Clad® printed-circuit laminates, Diamond® Vulcanized 
Fibre, COF products of Tefion?, flexible insulating tapes, Dilecto* tami- 


nated plastics, Celoron* molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid*. 


¢Du Pont trademark for its TFE-fluorocarbon resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —A¥avehe/- COMPANY + NEWARK 85, DEL. 





















































described in the table below. in Canada: Continental-Diamond Fibre of Canada Ltd., 46 Hollinger Road, Toronto 16, Ont. 
Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 
XX-13 FR 
X-13 XP-13 XX-13 |  (PFire-retardant) XXXP-28 
(NEMA X) (NEMA P) (NEMA XX) | (NEMA XX) (NEMA XXXP) 

ROCKWELL HARDNESS (M SCALE) 100 95 110 108 90 
TENSILE ST RE NGTH Iw (1 (1000 psi.) 20 12 16 17 12 
FLEXURAL STRENGTH Iw (1000 psi.) | 27 16 | 17 20 18 
COMPRESSIVE STRENGTH (1000 psi. ) } 40 | 25 35 41 22 
WATER ABSORPTION (% in 24 hrs.) 3.5 3.0 1.4 1.2 0.6 

1/16” thickness | 
MAXIMUM SS NVOUS OPERATING 120 120 } 120 120 we Yet 120 

TEMPERATURE (°C.) | | a 
we mg STRENGTH perp. to | 800 800 650 700 800 

lam. (VPM re 
DIELECTRIC ST RENGTH parallel to | 50 50 60 75 

lam. (Ky. 
DISSIPATION FACTOR at 1 mc, Cond. A | 0.042 0.038 0.034 0.038 wear 027 
DIELECTRIC CONSTANT at i mc, Cond. A_ | 5.5 | 4.6 4.7 3.6 
ARC-RESISTANCE (seconds) | 8 | 4 | 4 Ay os 10 
INSULATION RESISTANCE (megohms) 100 100 | 1,000 | 1,000 600,000 

ASTM D-257, Fig. 3 = 
AIEE insulation class A | A A A a A 
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REMOTE INSTRUMENTATION & CONTROL | 


Telemeter 


CONTINUOUSLY 


from Remote Points 


Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 

over Wire Lines, Microwave, 
and Power Line Carrier 








Accurate 
HIGH-SPEED 


Analog 
Telemeter 


The Model 1025 Telemeter Transmit- 
ter converts DC mv from thermal con- 
verters, or other transducers with a DC mv 
output, to an output of 10 to 30 cps. If 
multi-channel operation over a single com- 
munication circuit is required, the 10 to 30 


for cps signal is used to modulate a built-in 
VOLTS frequency shift tone channel. The Model 
1090 Telemeter Receiver detects and de- 

AMPS modulates the transmitted signal and gen- 
WATTS erates a DC current or voltage which varies 


PRESSURE in exact accordance with the telemetered 

functions. The receiver output may be di- 

FLOW rectly applied to either recorders, indicat- 
TEMPERATURE ing instruments, or both. 

The equipment is conservatively de- 

etc. signed for continuous duty operation. The 

over-all accuracy of the Telemeter is 1% 

with a speed of response of one second. 





WE CAN HELP YOU — Our Applications Department 
is ready to assist you in your control, telemetering 
or communications problem. 











For additional informa- 
tion, including opplica- 
tion data, write or 
phone DE 4-3100. Dem- 
onstrations available 
by local representatives. 
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ELECTRICAL ENGINEERING 


D-C 
POWER 


Precisely Regulated for 
Missile Testing and 
General Use 


CHRISTIE 


at i resold, 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 


Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif 





ELECTRICAL ENGINEERING 
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PORT OF SAN DIEGO UNDERGROUND 
DISTRIBUTION SYSTEM PLANNED FOR 
FLEXIBLE, DEPENDABLE SERVICE 

PU, Lo yt —) ae] > @o7-1, tile). 


Continuity of power service at the 
Port of San Diego 10th Ave. Ter- 
minal is a ‘“‘must.’’ An extensive 
array of material handling equip- 
ment will serve the warehouse as 
well as rail and truck transportation 
required to load and unload nine 
ocean-going freighters simultane- 
ously. Adequate provisions have 
been made to maintain continuous 
electrical service for the 2600-foot 
wharf even when the need occurs 


G&éW ELECTRIC SPECIALTY COMPANY 


3508 West 127th Street, Biue isiand, Illinois 


Representatives in principal cities « Canadian Mfr.— Powerlite Devices, Ltd., Toronto 
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for expanding its present facilities. 

Sound planning included two lines 
of service to each transformer 
through the use of twenty-six sub- 
mersible G&W 3-pole, 15 kv, 400 
ampere load break oil switches. Two 
types were used. The Type RAL isa 
3-way unit serving the function of 
three separate switches—1) a loop- 
through, 2) an isolating and 3) a 
double throw switch. The Type 
RAM is a 4-way unit that permits 
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variable combinations of feeders and 
loads by tying to the switch bus 
through individual load break dis- 
connects. Stud bushing compart- 
ments on the switches make system 
expansion possible without inter- 
ruption of power service. There is a 
G&W load break oil switch to solve 
your problem. A G&W representa- 
tive will be glad to tell you about 
them or send for the new switch 
folder for additional information. 


J. E. Liebmann, Harbor Engr. 
(left) and Willis Lipscomb, 
Design Engr., point out stud 
bushing compartments on G&W 
Type RAM switch. These com- 
partments permit connection of 
additional cables without taking 
the switch out of service, thus 
avoiding an outage. 


G:.W 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $2.25 per line, min- 
imum 5 lines, maximum 30 lines. Sale and purchase 
of used machinery, etc., $3.00 per line, not avail- 
able to dealers. Address orders to: Classified Section, 
ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th 
Street, New York 18, N. Y. 

When answering an advertisement, send all replies 
to box number specified, c/o ELECTRICAL ENGINEER- 
ING, 6th Floor, 33 West 39th Street, New York 1 
N. Y., unless other address is given. 





Positions Open 


ELECTRICAL ENGINEERING FACULTY be- 
ing expanded in rapidly growing department, 
graduating first class in 1960. Current positions 
available to rank of Associate Professor and 
to nine-months salary of 6,000, depending upon 
education and experience. Background empha- 
sis preferably upon electronics and advanced 
circuit theory. Opportunity for research and 
other industrial programs in the area. Send full 
background to Chairman, Electrical Engineer 
ing. University of Bridgeport, Bridgeport, 
Connecticut. 


PROFESSOR OR ASSOCIATE: PROFESSOR of 
Electrical Engineering to teach and do research 
in the field of communications. Should have 
Ph.D., teaching and research experience, Write 
e Box 56. 


Motorola engineers are the most stimulated and enthusiastic GRADUATE ASSISTANTSHIPS ARE AVAIL- 
individuals you'll find anywhere. And, for sound reasons. ABLE at a university in the Southeast for 


> ° . September 1960. Assistants .may obtain the 
First, the work. Electronics—challenging fields that plead for Master of Science degree in Electrical Engineer- 


vision, creativeness and imagination. ing in twelve months. Tuition free. Write 
Secondly, the company, An “engineers’ company”—developed Box 57. 

by technical minds dedicated to engineering excellence. A reward- 

ing company—quick to recognize and advance skill. A secure, 1 TO 5 YEARS EXPERIENCE IN FIELD 


. . rf SALES, Application, Control, Control Systems 

, — pe market. PE , 
diversified company not wholly de ndent on ew single k t or Development Engineering. Circuit Breaker 
Thirdly, the place, Chicago—exciting and quiet. Cosmopolitan Design Engineers—Experienced. Send resume to 


and suburban. Mid-America’s nucleus of culture, education and sents maa — “pi —- a ore rige " — 
A ° Ivision, 0 ee oad, Cleveland 2 110 
entertainment—where everyone can find the perfect environment, 


@ Radar transmitters and receivers @ Transistor applications ENGINEERS: “COLLEGE POSITIONS; All 
@ Radar circuit design @ Crystal engineering sections U. S. All fields of Engineering. Open- 
@ Electronic countermeasure systems @ Sales engineering ings for B.S., M.S. and PhD’s. Excellent salaries. 
Military communications equipment desi Send qualifications to: Cline Teachers Agency, 
pwnage! quip ea - Box 607, East Lansing, Michigan.” 
@ Pulse circuit design @ Design of VHF & UHF FM communications ; 
@ IF strip design in portable or subminiature development 
@ Device using kylstrom, traveling wave tube @ Microwave field engineers ELECTRICAI ENGINEERS—Pioneer manu- 
and backward wave oscillator © Transistor switching circuit design facturer of large rotating AC Induction and 
@ Display and storage devices @ Logic circuit design Synchronous Motors, Generators, Motor Control 
2-WAY RADIO COMMUNICATIONS @ T.V. circuit design engineering and Switchgear has the following challenging 
@ VHF & UHF receiver @ Home radio design opportunities for aggressive and ambitious, 
@ Transmitter design and development @ New product design qualified young men: (a) Field Engineer for 
| @ Auto radio design Eastern and Midwest sales offices. 2 (b) Applica- 
@ Power supply . . : tion Engineer or Service Engineer in Headquar- 
@ Systems engineering @ Mechanical engineering ters Sales Department in Minneapolis, Minne- 
@ Antenna design @ Semi-conductor device development sota. (c) Machine Design Engineer. (d) Control 
@ Selective signaling @ Semi-conductor application work Engineer. Excellent future with stimulating 
work. Salary open—commensurate with ability 
and experience. Box 61. 





Also splendid opportunities tn AUAL JO 
. . J . . 

Phoenix Ariz., and Riverside, Calif. Season WANTED: MECHANICAL, ELECTRICAL, 

Sa CHEMICAL OR CIVIL Engineers, B.S. Degree, 

Baa a a a a a ae a a Ga Ge Ge Ge Ge = ae ae 25-35 preferred. Three to five years experience 

in chemical or food process engineering. For 

™ q general engineering work, including process 

MO OROLA Inc. studies, heat and material balances, structural 

t design, equipment design, field engineering, and 

Mr. L. B. Wrenn, Engineering Personnel Mgr., Dept. A drawing board. Salary commensurate with ex- 


perience and ability. Please send brief resume 
4501 Augusta Blvd., Chicago 51, Illinois of personal history, education, professional ex- 


t Ss perience, including present position and salary 
t Without obligation, send copy of - . j desired, to: Sylvester M. Heiner, Chief Engineer, 

“Selecting an Engineering Career with a Future The Amalgamated Sugar Company, P. O. Box 
iH 2 431, Ogden, Utah. 


NAME 





ELECTRICAL ENGINEER. Board layout work 
ADDRESS. —power, lighting, and control systems; calcula- 
tions; and occasional field contacts. Extremely 

wide variety of work with opportunity to enter 
CITY. ZONE STATE consulting field and grow with progressive mid- 
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Announcing a new service from Hughes 


CIRCUIT COUNSELING 


To help you meet the continually more complex problems of semiconductor circuitry, Hughes has created a Circuit Counseling activity. 
With its rapidly advancing technology, electronics—like the field of medicine—has come to rely on specialists. And now Hughes offers 
both present and prospective customers the services of CIRCUIT SPECIALISTS who are ready, willing, and able to tackle your circuit 
design problems—at absolutely no cost to you. This assistance, once requested, will come quickly. The Hughes Circuit Counselors will 
“hop a jet” and start to work on your problem within a matter of hours. 

The Customer Technical Service Department is staffed by hand-picked men. Each member was especially selected for his wealth of 
experience in the field of digital, analog, video and RF circuit design for both small and 
complex systems. The knowledge of these specialists assures you of the proper applica- 
tion of semiconductor devices— thereby resulting in maximum system reliability. 

To see a Hughes CIRCUIT SPECIALIST write, wire or phone: Customer Technical Service, 
Hughes Semiconductor Division, 500 Superior Avenue, Newport Beach, California. 
Phone: MAdison 9-3271, 


SEMICONDUCTOR DIVISION 


© 1959 HUGHES AIRCRAFT COMPANY Ai 
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An expanding field for your special skills ... 


DEVELOPMENT OF ADVANCED 
PROCESS CONTROL SYSTEMS 


IBM’s newly formed Advanced Systems Development Division 
offers assignments in the development of automatic computer 
control systems and application concepts. 


A new division has been established by IBM to develop advanced 
concepts and techniques in the design and application of computer 
systems for new fields. This new division represents an interesting 
opportunity to work with newly developed technologies. The entire 
division is engineer-oriented; its sole purpose is to develop new 
systems and services to be marketed in several years by IBM. One area 
of immediate interest is the achievement of advanced systems and 
concepts for the automatic control of industrial processes of all types. 


Careers are available to engineers, scientists, and mathematicians with 
experience in the process industries: 


chemicals - petroleum - metals - utilities . paper - rubber 


Knowledge and skill is required in two or more of the following areas: 
e process design or operation 

e mathematical model building 

e data handling and data processing 

e control engineering 

e instrumentation 


Qualifications: Advanced degree in Science, Engineering, or Mathe- 
matics and related experience . . . plus the ability to work well with 
a wide variety of industrial personnel. To extend your present abilities, 
training in process control and computer application will be available. 


ADVANCED SYSTEMS DEVELOPMENT DIVISION 
® 


Please write, outlining your qualifications and experience, to: 
Mr. T. E. Burns, Dept. 550N, IBM Corporation 

Advanced Systems Development Division 

2651 Sprang Bivd., Yorktown Heights, New York 
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ENGINEERS AND 
MATERIALS INSPECTORS 
WANTED 
[VA has openings on a large hydro- 
and steam-electric program for experi- 
enced civil, structural, electriesl, and 
mechanical engineers in its D*: ion of 
Design located in Knoxville wejsee, 
and for materials enginee wspec- 
tors of materials located in mus dis- 
trict offices, principally in th: th and 

east. 

These positions are at 
grades and rates of pay. 
Civil, Mechanical, Electrical, 
and Materials Engineers, 
grades SD-2 and -3 
Inspectors of Materials, 
grades SE-5 and -6 $5825-$6625 
The engineering jobs require a college 
degree in engineering or its equivalent 
with from one to three years of experi- 
ence in design and specification work, 
or in inspection and testing work for 
materials engineers. The inspector of 
materials jobs require some college 
training in engineering or equivalent 
training and experience in making engi- 
neering inspection and tests of mechani- 
cal, structural, and electrical equipment 
and materials. 

All jobs carry automatic within-grade 
increases for satisfactory service, liberal 
vacation leave, sick leave, and_ retire- 
ment, hospitalization, and insurance 
benefits. 


Write to: 

TENNESSEE VALLEY AUTHORITY, 
Division of Personnel, 
Knoxville, Tennessee. 


following 


$6200-$7 150 
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western concern. All replies will be answered. 
Box No. 62 


APPLICATIONS ARE INVITED for Assistant 
and Associate Protessors of Electrical Engineer- 
ing. Candidates should be well-qualified aca- 
demically and should have some research ex- 
perience, preferably in one of the following 
fields: Control systems, Solid-state devices, Mi 
crowaves, Telecommunications. Salary scales are 
competitive with industrial and research estab- 
lishments. Additional stipends are offered for 
summer research work. Applications should be 
addressed to the Chairman, Department of 
Electrical Engineering, from whom further par- 
ticulars may be obtained: McMaster University, 
Hamilton, Ontario, CANADA 


ELECTRICAL ENGINEERS. Several challeng- 
ing foreign assignments as design or construction 
supervisory engineers by graduate Electrical En- 
gineers with minimum of seven years of ex- 
perience in the operation and construction of 
overhead and underground electric utility sys- 
tems. Experience should include work with 
transmission lines, distribution lines, or sub- 
stations, or protective relaying normally asso- 
ciated with large utility systems. Work 
assignment is for minimum of 18 months in 
far-eastern nation where consulting engineering 
services will be required for several years, to 
expand a 100,000 kw utility system to ten times 
its present size. Scope of work requires many 
engineers of varying experience. Married men 
with small families are preferred. Salaries com- 
mensurate with experience, but generally 
$12,000 to $17,000 annually with furnished 
homes provided. Travel and household goods 
shipment costs paid. Send resumes to MINER 
AND MINER, CONSULTING ENGINEERS, 
INC., 5598 South Broadway, Littleton, Colorado. 


(Continued on page 64A) 
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STATIC POWER 
CONVERSION EQUIPMENT 


challenging assignments in suburban Los Angeles for 
electronic circuit designers with 3 to 5 years experience 
in design of: 
® Transformer-Rectifier Units for Military Appli- 

cation 
@ Regulated Power Supplies, 

Transistorized 
® Transformer and Magnetic Components 

Send resume to: 
PERSONNEL MANAGER 
Industrial Products Division 

International Telephone & Telegraph Corporation 
15191 Bledsoe Street, San Fernando, California 


Mag-Amp and 

















SALES ENGINEERS 


We are expanding our Sales Department 
and require Engineers, with two or three 
years’ industrial experience after finishing 
college, for Chicago, St. Louis, Houston, 
and Baltimore. Trainees will receive three 
months’ classroom instruction at factory be- 
for they are assigned to a District Office as 
a Sales Engineer. Excellent opportunity with 
fast-growing company. Address reply to 
Mr. H. E. Beane, Vice President, The Bristol 
Company, Waterbury 20, Connecticut. 








The KNOPP COMPARATOR 
measures errors 
in instrument 
current transformers 


For the highest accuracy and speed 
in instrument current transformer test- 
ing, use the new Type CTC-3 Knopp 
Transformer Comparator. It features 
freedom from effects of stray fields, 
harmonics, and heavy overloads. 


With built-in low-burden t 


sions. A range selector switch affords 
a multiplying factor of ten. 


High accuracy measurements are 
provided from 0.25 to 20 amperes 
secondary test current. The ratio and 
phase angle are measured simul- 
ly and are direct reading. Ex- 





of 1, 10, and 20 ampere ranges, the 


cept for a loading transformer and 
aol A ; 








total burden imp d by the comp 
tor on either the standard current 
transformer or the transformer-under- 
test is less than 0.1 volt-ampere. 


» no y equip is 
needed. A comparator is also avail- 
able for testing potential transform- 
ers. Ask for full details. 





Normal full-scale error ranges are 
0.64 percent in ratio error with 0.01 
percent divisions and 35 minutes in 
phose angle with one-minute divi- 


KNOPP INc. 

















ELECTRICAL ENGINEER 


®@ To be key member of small integrated group 


@ Interesting, challenging opportunity in Re- 
search and Development problems of an 
Industrial nature. 


Duties include preliminary analysis, design and de- 
velopment of experimental equipment and the design 
and testing of prototypes. Working knowledge of auto- 
matic controls for industrial machinery, high voltage 
rectifier equipment or high voltage gaseous discharges 
desirable. Some design and development experience 
required. 


Send resume to H. W. Buswell, Employment Super- 
visor, Koppers Company, Inc., Metal Products Divi- 
sion, P.O. Box 298, Baltimore 3, Maryland. 


ELECTRICAL ENGINEER, JR. 


Excellent opportunity for graduate engineer; some industrial 
or power generation experience desirable; challenging and 
diversified work involving all product divisions of company; 
assignments include design of automatic controls, approval 
of electrical drawings and specifications, developing and 
running tests of electrical equipment with occasional field 
trips to customer installations. 


Write giving personal data, including age, experience and 
salary expected. Replies strictly confidential. 


Employment Manager 
NORDBERG MANUFACTURING CO. 


Milwaukee 1, Wisconsin 


Dept. A-15, 1307 66th St., Oakland 8, Calif. 























UNIVERSITY APPOINTMENTS ELECTRI- 
CAL ENGINEERING. Three openings includ- 
ing the Chair in Electrical Engineering in New 
Faculty of Applied Science with opportunity for 
advancement and _ research. Attractive salary 
schedule. New building under construction. 
Ph.D. or Master’s degree desirable. Apply to: 
F. A. DeMarco, Principal, Essex College, Wind- 
sor, Ontario. 


DIRECTOR OF MARKETING for large manu- 
facturer of equipment sold to Electrical Utili- 
ties. Line responsibility. Kequires experience and 
extensive acquaintanceship with Electrical Util 
ities. Prefer man with Electrical Engineering 
degree. Base salary $20,000 plus extras, COBY 
SERVICE BUREAU, INC., Personnel Consult- 
ants since 1921. Bessemer Building, Pittsburgh 


22, Pa. 


ENGINEER with generating plant layout ex- 
perience and planning knowledge. Position re- 
quires ability to recommend and promote types 
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of equipment and methods of operation, includ- 
ing automation. Write, giving details of educa- 
tional background and prior work experience 
to: J. C. Schroeder, Employment Section, Allis 
Chalmers Manufacturing Company, Milwaukee 
1, Wisconsin. 


Positions Wanted 


MECHANICAL ENGINEER, P.E. 11 years ex- 
perience in power plant and industrial plant de- 
sign and construction. One year experience mis- 
sile component development. Desire joining and 
investing in consulting engineering firm. Prefer 
Far West. Box 67. 


ELECTRICAL ENGINEER, BEE, REG PE, 37, 
14 years diversified experience in industrial 
power and control, power distribution, and 
petroleum-electric fields. Will complete fourth 
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foreign contract in March. Speaks French, Span- 
ish. Seeks position with engineering-construction 
firm. Box 65 


a 


A.1L.E.E. TRANSACTIONS wanted to buy for 
cash back volumes and sets, also other scientific 
and technical Journals—E. E. ASHLEY, 27 East 
2ist Street, New York 10, New York. 


SPECIAL; 

WELL ESTABLISHED ENGINEERING FIRM 
in the East would like to arrange for association 
with or merger with a firm specializing in Elec- 
trical and/or Mechanical Engineering. Reply to 
Box 66. 





Please mail back your mem- 
bership survey card promptly. 
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New York 
8 West 40th St 


ing Societies Personnel Service, Inc 


Service, which cooperates 


$s and emb 





gineers, 





ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


Chicago 
29 East Madison St 


These items are listings of the Engineer- sult of 
This regular employment fee of 5% of the first 
with the na- 
tional societies of Civil, Electrical, Mechani- 
cal, Mining, Metallurgical, Petroleum, and 
Chemical Engineers, is available to all en- 
s, and is 
operated on a nonprofit basis. If you are 
interested in any of these listings, and are 
not registered, you may apply by letter or 
resume and mail to the office nearest your 
place of residence, with the understanding 
thot should you secure a position as a re- 


A weekly bulletin of engineering positions open is available at a subscription 
rate of $3.50 per quarter or $12 per annum for members, $4.50 per quarter or 
$14 per annum for non-members, payable in advance. 


(Agency) 


San Francisco 
57 Post St 


these listings you will pay the 
yeor's salary if a non-member, or 4% if a 
member. Also, that you will agree to sign 
our placement fee agreement which will be 
mailed to you immediately, by our office, 
after receiving your application. In sending 
applications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forward- 
ing application to the employer and for re- 
turning when possible 








Men Available 


New York Office 


ASSISTANT NATIONAL SALES MANAGER, 
B. of Electrical Engineering, experience as an 
assistant manager industrial sales (commercial 
duties) and assistant product sales manager of 
rubber and plastic electric cable (four years’); 
sales engineer—Midwest sales office (two years’), 
both with leading electric cable manufacturer; 
electrical engineer with consultants (seven 
years’). Location desired: East. E-163 


Chicago Office 

APPLICATION ENGINEER, B. of E.E., 25 
One and one-half years as an application for a 
manufacturer of transformer. Analyze customers 
requirements and specifications, from an engi 
neering and commercial standpoint and prepare 
proposals. Also one and one-half years as a 
designer of aircraft generators. F-1035-Chicago 


San Francisco Office 


SENIOR ELECTRICAL DESIGNER: EE, 64 
Over twenty years in heavy electrical design, of 
which thirteen vears in responsible positions 
Preliminary and final design of steam and hydro- 
power plants and industrial plants, Directing 
preparation of drawings, estimates, specifications, 
supervise work of engineers, design and drafts- 
men. $7800. Prefer: San Francisco Bay Area 
Home: California. Se-1765 


ELECTRICAL DESIGNER: EE (Belgium), 48; 
8 years experience design, development of 
switchboards, motor controls, automatic systems, 
underground ducts, Three years self-employed, 
manufacturing and assembling automatic con- 
trols. Two years application, sales controls, in- 
struments 7800. Prefer: San Francisco Bay 
Area. Home: San Francisco East Bay. AIEE 
Se-1704 


DESIGNER: EE, 57. Thirty years experience su 
pervisory design, working drawings, field work 
on construction of paper mills, substations, 
chemical plant, refineries, airports, steam gener 
ating plants, buildings. $7500. Prefer: Any U.S. 
Home: South. AIEE. Se-1649 


DESIGNER, SUPERVISOR: 40; Nineteen years 
experience, plant design, negotiating of con- 
tracts, consulting, maintenance and engineering 
for mining and refining plants and electrical 
manufacturer. $14,500. Prefer: Any U.S. Home: 
New Mexico, AIEE, AIME. Se-1614 


PROJECT ENGINEER: EE, 33. An engineering 
education, twelve years of varied (CE-Me-EE, 
full construction-office design and report writing- 
Sales) experience, good public relations plus 
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breadth of interest in other 
CE, California. $8000-10,000. 
cisco Bay Area or Sacramento. Home 
Se-1702 


fields. Registered 
Prefer: San Fran- 
California. 


DESIGNER: EE (Canada), age 46. Six years 
charge of design, field inspection, installation of 
substations, distribution, motor controls, instru- 
mentation, for consultants and utility. One year 
researgh on aircraft instruments, dynamics. One 
year inspection of radar and power equipment; 
government. $8400. Prefer: San Francisco Bay 
Area. Home: San Francisco East Bay. AIEE. 
Se-1578 


DESIGNER: EE, 58. Over twenty-five years ex- 
perience on design of power plants, substations 
and industrial plants, including engineering, de- 
sign reports, specifications, estimates of cost, su- 
pervision, high and low tension distribution 
systems, lighting; Registered Professional Engi- 
neer, California. $5000-8400. Prefer: California. 
Home: California, AIEE. Se-1470 


FIELD ENGINEER: EE, 31. Eleven years ex- 
perience on power installations in oil pumping 
stations, refineries, substations, industrial and 
commercial buildings; contract administration 
and field supervision background. $9000 up. 
Prefer: California. Home: Washington. AIEE. 
Se-1433 


SUPERVISOR, APPLICATIONS, TEACHING, 
RESEARCH: PhD EE (Germany), 48. Three 
years charge of applications, protection, control 
and communication design for electrical utility. 
Fifteen years consult, publication, proposals for 
electrical manufacturer of electrical utilities and 
systems. Four years research on instrumentation, 
telemetering, lecturing for university. $10,000. 
Prefer: California or East. Home: Canada. AIEE. 
Se-1178 


MAINTENANCE, ELECTRICIAN: 38. Master 
electrician, experience maintenance (except re- 
winding motors). $400 up. Prefer: Western 
States. Home: Utah. Se-1311 


ELECTRICAL 


years design, 


Twelve 
construction’ of 
powe: plants, military bases, substations, dis- 
tribution systems, refineries, pumping stations 
for construction and oil companies. One year 
operation and maintenance of diesel ships. 
$10,000. Prefer: Foreign, California, South. 
Home: San Francisco. Se-1303 


DESIGNER: EE, 41. 


supervision of 


FACILITIES ENGINEER: EE, $1. Broad seven 
years experience electric power field including 
industrial high and low voltage distribution svs- 
tem design and operation, motor controls, work- 
ing with contractors and maintenance foremen. 
Prefer: U.S. or Foreign. Home: Washington. 
Se-988 
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SENIOR ELECTRICAL DESIGNER: EE (Aus- 
tria), 57. Well experience on electric power 
systems, studies, reports, design, steam and in- 
dustrial power; also manufacture, design, and 
development of pumps. Registered Electrical 
Engineer in California. $9000. Prefer: San Fran- 
cisco East Bay or Los Angeles Area. Se-1432 


DESIGNER OR MAINTENANCE ENGINEER: 
51. Experienced in design of heavy machinery, 
dredges, piping and valves, power plants, ma- 
terials handling equipment. Technical super- 
vision over selection, installation and mainte- 
nance of many types of mechanical and electrical 
equipment. $8400. Prefer: San Francisco Bay 
Area. Home: California. Se-500 


SUPERINTENDENT: EE, 51. Fifteen years 
charge of planning, design, construction, budget 
control of sugar refineries, irrigation canals, 
structures, railroad facilities, roads, diesel power 
plants, thermal power plants, munitions plant, 
dam, airfields, pipelines, cement mills, refining 
and process plants, combat vessels for engineers, 
constructors, government. $10,200. Prefer: San 
Francisco, U.S. or Foreign. Home: San Fran- 
cisco, Se-373 


DESIGNER OR APPLICATION ENGINEER: 
EE, 57. Thirty years experience; supervising 
construction of missiles facilities including power 
plants, water, air conditioning systems, commu- 
nications; charge of design of electric transmis- 
sion and distribution systems, specifications; 
power systems for hydroelectric plants, purchased 
equipment for industrial and chemical plants, 
refineries, mining properties. $8500. Prefer: 
California or Any. Home: Nevada. Se-1138 


CONSTRUCTION SUPERINTENDENT OR 
DESIGNER: EE, 54. Twelve years superintend- 
ent of construction of power plants, transmission 
lines, distribution, operation; design; specifica- 
tions, purchasing and construction; studies on 
industrial plants, utilitigs, aluminum plants for 
engineers-constructors. $10,800. Any location. 
Home: San Francisco. Se-920 


MARKET RESEARCH OR PROGRAMMING: 
29. Five years operations research studies for 
marketing and product planning, military elec- 
tronics, instrumentation and analyses of research 
project. Two years operations officer in Navy 
(Completed). $9600. Prefer: San Francisco; 
Home: New York. Se-277 


SUPERINTENDENT: EE, 55. California Civil 
Engineer License. Twenty-eight years experience 
superintendent and inspector in charge of con- 
struction, maintenance, reports on public works, 
steel mills, ship building, and repair, oil facili- 
ties, government construction, general construc- 
tion, $12,000. Prefer: San Francisco Bay Area, or 
Any. Home: San Francisco Bay Area. Se-1137 


SALES ENGINEER: 45. Fifteen years experience 
plant estimator, regional sales manager for elec- 
tric switchgear, electric motor controls, power; 
estimating and sales for manufacturer, utility 
and contractors. $7200. Prefer: San Francisco or 
Chicago. Home: California. Se-1051 


SYSTEM OR SWITCHGEAR ENGINEER: 30. 
Good academic training with six years electrical 
apprenticeship (varied manufacturing expe- 
rience) followed by three years experience high 
power testing of all types of switchgear and five 
years manufacturing and utility fields on sub- 
station and hydroplant design. $7800. Prefer: 
San Francisco Bay Area. Home: Canada. Se-813 


SALES OR FIELD ENGINEER: EE, 36. Four- 
teen years field engineering, selecting equip- 
ment, layout, coordinate information among 
sales, engineering and design, customer contact 
on industrial gas cleaning and air pollution 
control equipment for manufacturer; also in- 
spect, test. Salary open. Prefer: West Coast or 
Foreign. Home: Southern California, Se-1713 


ELECTRICAL DESIGNER: EE (Ireland), 52. 
Thirty years design, field construction of sub- 
stations, for utilities. Four months design in- 
dustrial substations, switchgear, distribution for 
consultant. $6000. Prefer: San Francisco Bay 
Area. Home: San Francisco. Se-580 
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DESIGNER, DEVELOPMENT: EE, 38. Eight 
years experience research, design, develop, test 
specifications on aircraft accessories, missiles, 
motors, controls for power plants, textile drives, 
controls manufacture. Salary open. Prefer: Cali- 
fornia. Home: California. Se-470 


DESIGNER OR MAINTENANCE: EE, 34. 
Eleven years experience maintenance, design on 
oil refining, manufacturing and shipping facili- 
ties; field supervision, inspection of equipment 
and installation for AEC architect-engineer; plant 
layout, inspect equipment installation for jet 
engine plant; design and construction of auto- 
matic production machinery for manufacturer 
of electric switchgear and starters. $11,000. Any 
location. Home: Michigan. Se-464 


Positions Available 


New York Office 


SALES ENGINEERING ASSISTANT, M.E. or 
E.E. graduate, with experience on electro-me- 
chanical devices and instrument and knowledge 
of AC-DC circuits used in industrial work. Sal- 
ary, $6000-$6500 a year. Location, Newark, N.J. 
Wws40l. 


ELECTRICAL ENGINEER, B.S. in E.E. from 
recognized university, with a minimum of ten 
years’ experience in electrical engineering in 
vestigations, and studies involving additions, al- 
terations replacements and repairs for electrical 
installations and equipment including power 
generation, power distribution. Salary, $11,088- 
$15,000 a year. Location, Central America. F8397. 


ELECTRONIC ENGINEER, graduate, with 
solid academic background and general knowl- 
edge of such diversified fields as semi-conductors, 
microwave techniques, communications and 
computers, for a_ well-established export firm 
specializing in electronic components and equip- 
ment. Will be responsible for assuring technical 
liaison between U.S. manufacturers and foreign 
customers. Limited travel. Knowledge of French 
and German. Salary, $6000-$8000 a year. Loca- 
tion, Mid-Manhattan. W8395. 


ENGINEERS, experienced in loudspeaker design 
and development, familiar in the field of acous 
tics. Location, New York suburban area. W8390. 


ELECTRICAL ENGINEER, graduate, with ex- 
perience in switching circuits, relays, stepping 
switches. Location, Brooklyn, N.Y. W8387(a). 


ELECTRICAL ENGINEERS with major in 
communications or electronics. Recent graduates 
to five years’ experience. Location, New York, 
N.Y. W8386. 


ASSISTANT OR ASSOCIATE PROFESSOR OF 
ELECTRICAL ENGINEERING. Ph.D. desira- 
ble. Interest in undergraduate teaching of pri- 
mary importance. Salary, to $8200 a year. Lo- 
cation, South. W8384. 


SALES ENGINEER. (a) Sales Engineers, Indus- 
trial Products, graduate electrical, experienced 
in sales, installation and servicing of TV broad- 
cast, microwave or communications systems. Will 
sell and service a wide line of low power TV 
transmitting, repeating and relaying equipment 
used by TV stations, community and educa- 
tional groups and OEM. Some travel. Will op- 
erate out of home office. Salary, $9000-$12,000 
a year. (b) Sales Engineer, graduate electrical, 
for customer relations department. Systems sales 
experience in communications (MF, VHF, UHF, 
Radio-telemetry), radar, direction finding, coun- 
ter measures, missile support. Should have es- 
tablished contacts with Defense Department 
agencies and major communications, missile and 
electronics contractors. Salary, $12,000-$14,000 
a year. Location, suburban New York. W8377. 


ENGINEERING PERSONNEL FOR A UTIL- 
ITY. (a) Administrative Engineer with back- 
ground in electronic or gas utility field with 
successful record in supervisory or managerial 
capacity. Graduate electrical or mechanical en- 
gineer to manage and be responsible for all 
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operations in district. Excellent opportunity. 
(b) Telephone Engineer, graduate electrical, 
with experience in plant, trafic and commercial 
departments. Must have managerial and ad- 
ministrative ability. Unusual opportunity. Lo- 
cation, southern Connecticut. W837]. 


SALES ENGINEERS, for a new electronics divi 
sion. (a) Sales Engineer, B.! 2... With a mini- 
mum of two years’ electronic equipment sales 
engineering with some design background. Must 
be able to meet and negotiate with top level 
sub-contract personnel of major prime con- 
tractors. Relationship with major prime con- 
tractors in Los Angeles area desired, Territory, 
West. (b) Sales Engineer, experience as above, 
except familiar with prime contractors in New 
York, Philadelphia and Washington area. Ter- 
ritory, East. (c) Sales Engineer, experience as 
above, except familiar with prime contractors in 
Cleveland, Buffalo, Syracuse, Rochester, Boston 
area. Territory, Northeast. (d) Sales Engineer, 
experience as above, except familiar with prime 
contractors in Milwaukee, Chicago and Minne- 
apolis area. Territory, Midwest. Salaries, $8000- 
$9000 a year plus expenses, but will consider 
higher salary if experience warrants. W8369. 


DESIGNER-DRAFTSMAN, graduate electrical, 
with experience in power station design, physical 
layout, control wiring, etc. Salary open. Loca- 
tion, New York, N.Y. W8344(a). 


FRANSMISSION AND DISTRIBUTION E 
GINEER, graduate electrical, with ten years’ 
experience in electrical engineering field and at 
least five of these in the transmission and dis- 
tribution field, for the design, installation, op- 
eration and maintenance of transmission and 
distribution systems. Transmission system is 66 
KV. Salary, $15,000 a year plus all traveling 
expenses for employee and family. Location, Far 
East. F8340. 


APPLICATION ENGINEERS, Magnetic Tape 
Sales Specialist, degree in mechanical or electrical 
engineering, experienced in the sale of electronic 
equipment; both interest and application ex 
perience in electronics. Some experience related 
to data processing systems and experieice in 
selling to engineers desired. Will service and 
sell magnetic tape products to O.E.M., Astro- 
nomic, Data Process Center, Tape Duplicator 
and other technological and professional ac- 
counts. Salary, approximately $8000 a year. Ex- 
cellent opportunity. Locations: One for Boston, 
Massachusetts; one for Atlanta, Georgia, and 
one for Los Angeles, California. W8337 


PROJECT ENGINEERS, electrical graduates, 
with seven to ten years’ experience in digital 
computer or logic design analysis and logic work 
on indicating and controlling instruments. Sal- 
ary, about $12,000 a year. Company pays place- 
ment fee. Location, New Jersey. W8330. 


SALES ENGINEERS, electrical or mechanical 
graduates to sell semiconductors, i.e. transistors, 
diodes, etc., to OEM accounts, direct and 
through representatives. Knowledge of transistor 
circuits and tube work necessary. Salary, $8000- 
$10,000 a year. Locations: New York City and 
Chicago, Illinois. W8322. 


ELECTRICAL ENGINEERS, design or con- 
struction, with a minimum of seven years’ ex- 
perience in the operation and construction of 
overhead and underground electric utility sys- 
tems. Experience with transmission lines, dis- 
tribution lines or substations, or protective re- 
laying normally associated with large utility 
systems. Duration, a minimum of 18 months. 
Married men with small families preferred. Sal- 
aries, $12,000-$17,000 a year with furnished 
homes provided; travel and household goods 
shipment costs paid. Location, Far East. F8319. 


FIELD ENGINEERS, graduate electrical desired, 
equivalent will be accepted (especially Navy 
torpedo fire control schools). Navy experience 
preferred, especially submarine, torpedo fire 
control and/or analog computer experience, for 
supervision and liaison for installation, test, 
modification and maintenance for the Mark 18 
angle solver and Mark 112 fire control system. 
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Salary open. Several locations in the East, South, 
and West Coast. W8318. 


SALES ENGINEER, Hydraulics, graduate me- 
chanical or electrical, with an interest in the 
area of control systems, for a small consulting 
research group to obtain hydraulic research 
contracts. At least two years’ engineering devel- 
opment work, preferably in the areas of hy- 
draulics and electronics and at least three years’ 
sales experience. Salary, $9600-$10,800 a year 
Company pays placement fees. Considerable 
travel. Location, Massachusetts. W8306. 


SENIOR ENGINEER, Electronic Circuit and 
System Design, with small independent research 
group providing systems engineering in elec- 
tronic design. Computers, special purposes, in- 
strumentation, etc. Degree in electrical engineer- 
ing, M.S. preferred, with three to five years 
experience in electronic design, including in- 
dependent work and consummation of designs 
as utilized equipment; one to two years’ expe- 
rience in partial and comprehensive supervision 
of engineering and technical personnel; one to 
two years’ experience in partial and compre- 
hensive supervision of engineering and techni- 
cal personnel; one to two years’ contact with 
sales activities including contract proposals and 
reports and product decisions. Must have 
thorough understanding of servo and feedback 
theory; knowledge of electro-mechanical devices 
and solid-state techniques. Salary, $9000-$12,000 
a year depending upon qualifications. Company 
pays placement fees. Location, Massachusetis. 
W8304. 


DESIGN ENGINEER, Transistor Circuits, grad- 
uate electrical, for development and design of 
transistor circuits for aircraft and industrial 
instrumentation. Must have three years’ expe- 
rience in design of electronic circuits with some 
experience in transistor circuits, Location, Bos- 
ton, Massachusetts. W8300(a). 


ELECTRONIC ENGINEER OR ELECTRONIC 
PHYSICIST, minimum B.S. in electrical engi- 
neering, or physics with extensive experience 
in magnetic and magnetic recording applications 
to sound, digital and analog computers, to 
plan, develop and design methods and equip- 
ment for testing types of magnetic recording, 
including video, computer, sound, AM and FM. 
Salary, $10,000-$12,000 a year depending upon 
experience and ability. Location, Alabama. 
W8297. 


ENGINEERS. (a) Electronic Engineer, Instru- 
mentation, degree in pertinent field of engineer- 
ing, plus four years’ experience including one 
year of specialized experience at supervisory 
level. Will serve as technical expert and senior 
advisor in the broad field of electronics as it 
relates to instrumentation and control systems 
for nuclear reactor power plants. Salary, $10,130 
a year. (b) Electrical Engineer, degree in elec- 
trical engineering, with four years’ experience, 
to serve as technical expert and senior advisor 
in the field of electrical engineering as it relates 
to research and development activities, design, 
construction, etc. of power systems of nuclear 
reactor power plants. Salary, $10,130 a year 
Placement fees paid. Location, Maryland. W8293 


DESIGNER, electro-mechanical, familiar with 
high frequency components, particularly coaxial 
switches. Should be familiar with production 
and have creative ideas. Salary, $7500-$10,000 
a year. Location, New York Metropolitan area. 
W8288. 


TRANSFORMER ENGINEER, for the design of 
2ower and audio transformers and filter reactors, 
both commercial and MIL. Testing of same also 
required. Salary, $7000-$9000 a year. Location, 
New York, N.Y. W8279. 


SALES ENGINEER, degree in electrical engi- 
neering, physi or chemistry, and expericnce 
selling highly technical products. Position will 
involve the sale of nuclear instruments and 
services to hospitals, universities and research 
laboratories. Compensation is salary plus com- 
mission, Travel approximately 30% of time. 
Territory, Washington, D.C. area. W8263. 


(Continued on page 50A) 
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Chicago Office 

PRODUCT MANAGER, M.E. or E.E. graduate, 
to 45. Will investigate and appraise the market 
potential for sound distribution systems to ex 
pand upon and integrate with existing products 
Collaborate with sales and research and develop 
ment on design of such systems and their intro 
duction into the field. Ample support facilities 
for market research, design and engineering 
Must have background of association with de- 
sign and production problems and costs. Able to 
sell recommendations to management for a 
manufacturer of electrical, signal and alarm sys 
Salary, $12,000-$15,000 a year. Employer 
will pay fee. Location, Connecticut. C7860 


tems 


ELECTRONIC COMPONENTS ENGINEER, 
graduate E.I to 40, four or more years’ ex 
perience design and production of components 
including composition, carbon film, carbon alloy 
ind =ometal = resistors, capacitors relays and 
switches. Should be able to prepare product 
process instructions for manufacturing. Will be 
responsible for supervision of the electronic 
component engineering section and for the co 
ordination and effort of the Sales Department 
and manufacturing. Salary, up to $9600 a year 
Employer will pay placement fee 
Kansas. C7848 


plus bonus 


Location 


ENGINEERS. (a) 


30-50, ten years 


Project Engineer, B.S.E.E., 
experience in electrical engi- 
neering, know consulting field. Responsible for 
electrical engineering work on jobs to which 
he is assigned, including supervision of other 
men assigned to the job, client contact; travel 
Car required. Salary, $10,000 a year. (b) Design 
Section Chief, B.S.E.E., 28-45, six years’ expe 
rience electrical engineering, know consulting 
field, Will supervise approximately five men on 
board layout work, power, lighting and control 
calculations and occasional field con 
Salary, $8000 a year. Lo- 


systems 
tacts for a consultant 


cation, Ohio. C7840 


DESIGNER, B.S.E.E., 27-40; five years’ expe- 
rience in large AC & DC motor-control panels, 
magamp, regulator design; knowledge of crane 
controls. Duties: Engineering of crane and hoist 
electrical drives and distribution of power, de 
assistance In estimating Costs 
drives for negotiations for 
cranes. Salary, $8000-$11,000 
will negotiate placement fee 
C7839 


sign of controllers 
and recommending 
a manufacturer of 
Employer 
Michigan 


1 year 
Location 


DESIGNER, Electrical Power Distribution, grad- 
uate E.E., with three or more years’ experience 
Duties: Responsible for distribution 
systems for power and light in buildings, design 
of substation and exterior electrical distribution 
Previous experience 
designer with consultant 
citizen. Salary, $9000 
Employer will pay placement fee. 
Chicago. C7716 


design of 


systems and lighting systems 
is plant engineer or 

desired. Must be U.S 
$10,000 a vear 


Location, Southwest of 


San Francisco Office 

(a) CRYSTAL ENGINEER OR PHYSICIST 
FE or Physics (solid state). Will design and 
prototype product of crystals (AT-cut). (b) 
ELECTRONIC CIRCUIT ENGINEER: EE for 
crystal filter or crystal circuit development. 
Should have had 3-5 years experience in elec 
tronic circuitry development. (c) SENIGR EN 
GINEER: MS or PhD. Network specialist to do 
research and development work in crystal cir- 
cuitry. Administrative abilty also preferred. Sal 
aries are open and commensurate with training 
and experience, Southern California. For an 
aircraft company. $j-4923 


PEACHING: Minimum MS EE. To teach under- 
graduate courses, Former teaching and _ profes 
sional experience desirable, although not neces 
sary. U. S. Citizen desired. Salary commensurate 
with rank and experience. One to start 2/1/60 
and one to start 9/1/60. Pacific Island. $j-4921-R 


DESIGNER: EE or equivalent and minimum of 
4 years experience in consulting office, in respon- 
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sible charge tor at least | year, be thoroughly 
familiar with lighting design as well as power 
Work on commercial buildings, schools, small 
industrial plants. $700 or more, depending on 
ability. Santa Clara County. Sj-4911 


DRAFTSMAN: Electrical background, any age. 
2-5 years experience drafting circuits, distribu 
tion for power and light (commercial, light 
industrial, institutional). For consulting engi 
neering firm. $4-500. San Francisco. $j-4896 


FIELD ENGINEER: EE or equivalent (Prefer 
Navy torpedo fire control school). Navy expe- 
rience preferred, especially submarine, torpedo 
fire control and/or analogue computer experi- 
ence, Supervision and liaison for installation, 
test, modification and maintenance of fire con- 
trol systems. California. Salary open. $j-4907 


DESIGNER: EE, age open. Minimum of 3-5 
years recent experience in electrical design re 
lated to layout for surface and sub-surface 
electrical installation in mine and mill activity 
power source up to 4000 volts and a variety of 
industrial type installations. Salary commensu- 
rate with experience. Repeat to chief electrical 
engineer, construction division. For a mining 
and milling activity. New Mexico. $)-4900-R 


SENIOR ELECTRICAL ENGINEERS: EE, age 
open. Minimum 5 years experience with mag 
netic amplifier and transistorized circuits and 
DC power supplies. To handle new product de- 
velopment of contracts and responsible for suc- 
cessful operating design of this type of equip- 
ment. Car required; minimum travel. Salary 
open, depending on experience. Los Angeles. 
$}-4890 


(a) DESIGNER: Electro-mechanical background, 
age open; experience in electrical heating ther- 
mostat or closely related. Will develop additional 
new lines of thermostats and improve on present 
models. Should have knowledge of electrical 
arrangement, base mountings, sheetmetal and 
moldeu products in shop production. (b) 
DRAFTING ROOM SUPERV: Electrical draft- 
ing background, age open. Experience and 
knowledge of design and shop production prac- 
tices related to preparation of drawings for 
tooling up and going into production on low 
voltage electrical circuit breakers and electrical 
heating thermostats for household use. For mfr 
(abt 100 employees). Salary commensurate with 
experience. Oregon. §$j-4888 


MECHANIC, DRAFTSMAN: Under 45, engrg 
degree not required though technical training 
an asset. Some knowledge of electrical devices, 
capable of meeting the public and free to travel 
Should be able to originate and carry through 
design small mechanisms. Some of 
would be actuated by electrically 
originating impulses. For manufacture of sundry 
mechanical devices for Egg Industry. Salary 
open. San Francisco Fast Bay. S$j-4885 


ideas for 
these devices 


TEACHERS: EF 
1960, in 
Mostly 
salary, 
vada 


staff openings for September, 
Electrical Engineering Department. 
undergraduate instructions Attractive 
living conditions. Apply by letter. Ne- 
$j-4894 


COMMUNICATION ENGINEERS; 4-6 years ex- 
perience circuit and equipment development 
transistorizing commercial products. San Fran 
cisco, $)-4890-R 


SENIOR APPLICATIONS ENGINEER: EE, 
with 5 or more years in electrical power in- 
dustry involving applications of large circuit 
breakers, switchgear, transformers, substations 
Must be able to direct group in Sales Depart- 
ment preparing proposals and price estimates 
based upon engineering studies and analyses of 
customers needs and assist field representatives 
in getting orders. California. $8-10,000. $j-4864- 
R 


FACILITIES ENGINEER: EE, to 35, 2-5 years 
general electrical experience related to engineer- 
ing department work in any industrial applica- 
tion (new buildings or construction, rebuilding, 
modification, extension of service) for buildings, 
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plants, remote, installations, terminals, water- 
front or large industrial developments (wharf, 
tank farms, pump stations, product warehouses, 
pipelines, loading and handling areas, blending 
or distributions centers). Work with mechanical, 
civil, contractors, architects and engineers. For 
major oil company. $550-800. Southern Califor- 
nia. $)-4872-R 


RELAYS ENGINEER: EE, young. Preferably 
with some experience or qualified in testing op- 
erating relays and systems to assist on metering 
and telemetering, analyzing circuit prints study 
and operate supervisory controls, handle data, 
logging and load control on substation and 
transmission line problems. For utility. $6600- 
7200. Location: Washington. $j-4859 


OPERATING ENGINEER: EE or ME, 30-37. 
With supervisory ability as well as power plant 
experience on systems about 200 MW = with 
send-out of one billion KWH. For utility. $8000- 
10,000. Location: Southwest. $j-4855 


(a) DESIGN, DEVELOPMENT: EE, age open. 
Several years experience in advanced electronics 
instrument development (vacuum tube and 
transistor circuitry) for analog and digital. Pack- 
age experience desirable. Salary open. (b) 
TECHNICIANS: Electronics background, age 
open. Under one year's experience in electronics 
(breadboarding, construction and evaluation of 
electronics circuitry, simple sheetmetal work). 
Theoretical background in electronics desirable. 
Salary open. For a manufacturer. Southern Cali- 
fornia. $j-4850 


DESIGNER: EE, age open. Minimum two or 
more years experience in circuitry design of 
transistorized television monitors, camera con- 
trol units and cameras; must have formal tran- 
sistorizing training as well as television circuitry 
experience. Salary open. For manufacturer. 
Southern Calfornia. $)-4849a 


DESIGNER: EE, age open. Three to five years 
experience designing transformer, rectifier units, 
regulated power supplies and mechanical control 
and transistorized for military applications. For 
a manufacturer. Salary open. Location: Southern 
California. $j-4849b 


SALES, APPLICATION ENGINEER: EE, 25- 
40. Minimum two years experience selling, pref- 
erably electric power apparatus. Will contact 
and sell circuit breaker type equipment to con- 
tractors, consultants and distributors in devel- 
oped territory for regional office. $7200-9000, 
plus mileage and annual bonus. Car required 
Location: Northern California. §j-4837 


DESIGNER: EE, well experienced in design, 
diagramming, computers specifications and plans 
for industrial and commercial — installations 
(power, light, distribution centers, industrial, 
interlocking controls), involving feeders, main 
switchboards, electric machinery, as used in oil 
and chemical plants, breweries, etc. Strong on 
short circuit computations. $7800-9000. San 
Francisco, $j-4828 


ELECTRONICS DESIGNER: EE with Elec- 
tronic major, young. Minimum two years ex- 
perience after graduation and ability to design 
electronic circuitry, component specifications and 
carry production through production engineer- 
ing; should have knowledge of transistor design 
and circuitry analysis for manufacturer of com- 
puter type equipment. About $7800. San Fran- 
cisco East Bay. Sj-4813a 


WRITER (ELECTRONICS): EE, with Elec- 
tronic major, age open. Experienced in design 
and with demonstrated capability of technical 
writing for manuals of specifications and other 
technical descriptions. $7800. For manufacturer. 
San Francisco East Bay. Sj-4813b 


SALES ENGINEER: Minimum two years ex- 
perience electronic components and fundamental 
knowledge of electronic circuitry or minimum 
two years experience missile components and 
system. Salary open. U.S, Citizen; clearance re- 
quired. San Francisco East Bay. Sj-4810-Rb 
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A Symbol of Stability and Opportunity for Career-Minded Engineers. The diverse operations 
of Westinghouse encompass an ever-widening circle in the electronics field. In the 


WI DE N i N G Cl a CL E Baltimore Divisions, Westinghouse engineers 
are further widening these horizons, with ad- 


vanced projects in airborne, shipboard and land-based electronic systems. Here we are 
engaged in challenging research, development, production and field engineering assignments 
covering the electronic spectrum. 


Westinghouse diversity offers new avenues for your own career growth. If you want to 


go farther, faster . . . join the select circle of engineers at the Baltimore Divisions of 
Westinghouse. 


OPPORTUNITIES EXIST IN: 


Radar Systems 

Molecular Electronics 

Advanced Antenna and Microwave Systems 
Digital Computer Development 

Automatic Checkout & Fault Isolation 
Liaison Engineering 

Communications Systems 


Astronautics Systems 


SEND YOUR RESUME TO: Mr. A. M. Johnston, Dept. 216 


Westinghouse 


BALTIMORE 


P. O. Box 746 Baltimore 3, Maryland 
AIR ARM «+ ELECTRONICS - ORDNANCE 
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DISTANCE DETECTOR 


This Distance Detector 
is a precision electro 
mechanical transducer 
which generates a dc 
voltage as a function 
of distance. It is an 
all transistor design 
to provide reliability, 
long life, and low 


ELECTRICAL INSULATING energy consumption 


A very high sensitivity gradient and fast response make it a 
Particularly precise and versatile unit for a vast variety of micro- 
® Dielectric strength 300 volts ® Density: 1.30 — 1.35 distance measuring jobs. 


per mile Thickness from .004’ to .030” OPERATION: This device senses distance to a conductive surface 
because of the variation of coupling coefficient as a function of 
Y 
® Tensile strength — 13 — 16,000 100% rag stock paper distance from the face of a special coil to the conductive surface. 
Ibs./Sq. In No sizing or fillers used. 


SENSITIVITY: 1000 voits per inch with H-! sensing head 
“Glazed roll” finish — others available. 400 volts per inch with H-2 sensing head 


; : s 200 volts per inch with H-3 sensing head 
Can be combined with other materials. 


; ; ‘ RANGE: |0 t t i i 
Available in rolls, sheets or coils. 1, 2, and 3 oe a ee 


High Performance Electrical insulators RESPONSE: Fiat from dc to a single lag at 50,000 cps. 
: i at P SUPPLY: 12 vde at 2ma 
COPACO — Highest grade 100 fo 10g insulation _ SIZE & MASS: |.2'' diameter x 2.5'' long, 80 grams 
COPAREX — Economical grade 100%, rag insulation paper COST: Model 15, $72.00 with H-2 head. Additional standard heads 
COPALAM — Class 8 asbestos — glass laminate insulation —" 
USES: Typical uses are control of location and indication and 


material measurement of dimension, displacement, deflection, velocity, vibra- 
Write for free samples, literature and name of Gen, cantew, cresp,.end counting 


nearest Cottrell representative. High speed proximity re- 


laying attachments also 
GY available. 
OTTRELL YAC. 2811 Seventh Street 
© Of on WU YY, ; Tabane Berkeley 10, California 
Phone: Thornwall 3-6306 


88 Purchase St. Fall River, Mass. 
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LINE CONSTRUCTION 


Build this 


69 kv transmission line 
with only 7 bolts 
per structure 


Here is a line design that reduces the 

labor component of construction cost. 

Good news for builders that find labor factors 
higher and higher! 


Use of horizontally-mounted Lapp Line Posts permits erec- 
tion of single-circuit armless structures, with only seven bolted 
connections . . . two for each integral-gain-base insulator, one 
for ground wire bracket. Assembly is done before raising and 
setting pole, further speeding erection. Without arms, braces, 
or associated hardware, savings are an actual 25% over con- 
ventional construction. 

There are other economies also. Armless structures are 


stronger than conventional designs, permitting greater span 
lengths, larger conductors, greater factors of safety. 


Horizontal mounting improves insulator electrical charac- 
teristics, too. More exposure of insulator surfaces encourages 
uniform wetting and self-cleaning . . . wet flashover values are 
increased by as much as 15% over upright ratings. For urban 
or suburban lines, this construction offers trim, unobstrusive 
or suburban lines, this construction offers trim, unobstructive 


We have a lot of data on this construction that you should 
see. Ask your Lapp representative or write: 


Lapp Insulator Co., Inc., Le Roy, N.Y. 


lS 
r\\ Lapp 
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LET SPAULDING GIVE YOU A HAND WITH YOUR 
TERMINAL BOARD PROBLEMS 


Our 5 Plants 
and 
31 Branch 
Saies Offices 
Serve Every 
industry 


Specially trained Sales Engineers . . . a broad choice of basic materials .. . 
extensive fabricating facilities . .. 85 years of experience. These Spaulding assets 
are at your disposal for terminal board material selection, design or production. 

Spaulding’s variety of basic materials provide unique combinations of proper- 
ties to solve any problem in application. They have extremely high dielectric 
strength, low cold flow, good staking qualities, as well as toughness, chemical 
inertness, moisture resistance and dimensional stability. They are available fabri- 
cated to your exact specifications in completely uniform parts and in basic form 
such as sheets, rods and tubes. 

Contact Spaulding. A Spaulding Sales Engineer can be at your office in a 
matter of hours with complete data on basic materials,-fabricating service and 
engineering assistance. 


SPAULDING FIBRE COMPANY, INC. 


340 WHEELER STREET - TONAWANDA, NEW YORK 
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Continuously Adjustable 


" A i | ~ Autotransformer... 


The most useful device known for the 
control of a-c voltage 


Hl 
iM a | i Useful Because . . . Unlike resistive controls, 
mw mi = Variacs are far more efficient for controlling 


a — = a-c voltages — they operate on the same 
principle as a transformer and do not dissipate 
substantial amounts of power in the form of heat. 





Useful Because . .. Unlike vacuum-tube and solid- 
state controls, Variacs have high thermal capacity 
and can withstand short-time overloads as much 

as 1000% above their ratings. 


Useful Because . . . Unlike thyratrons, magnetic 


AN i || i | a r amplifiers, and induction regulators, Variacs do not 
| Hit “sz destroy waveform purity by chopping or reshaping, 
nor do they adversely affect power factor. 


Useful Because . . . Variacs come in many sizes 
. 2-, 5-, 10-, 20-, and 50-ampere ratings . 
115-volt and 230-volt models. . . single or ganged 
. cased or uncased . . . manually operated or 
motor driven. All are backed by a two-year 
warranty. 


Six 50-ampere Variacs gang together for Write for Complete Information 
control of 34.5 KVA. 


The Continuously Variable Autotransformer, which 


GENERAL RADIO COMPANY | 


f Hlectro 
WEST permet ten MASSACHUSETTS Radio in April, 1932. This invention started an 


industry in which General Radio continues to play 


we named the Variac, was invented at General 


NEW YORK AREA: Tel. N. Y. WOrth 4-2722, N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 
PHILADELPHIA: Tel. HAncock 4-7419 WASHINGTON, D. C.: Tel. JUniper 5-1088 a leading role 
SAN FRANCISCO: Tel. WHitecliff 8-8233 LOS ANGELES 38: Tel. HOllywood 9-6201 

In CANADA, TORONTO: Tel. CHerry 6-2171 





EIMAC PIONEERED INTERNAL-ANODE TETRODES~ 
PERFORMANCE LEADERS FOR OVER A DECADE 


Developed and introduced to the in- 
dustry in the mid 1940's, Eimac’s line 
of internal-anode radial-beam tetrodes 
immediately received widespread and 
enthusiastic acceptance, Well over a 
million have been sold since that time. 
These tubes. quality leaders from the 
very start, still maintain that position 
through advanced processing tech- 
niques. inherently sound design and 
continuing concern with production 
refinements, 

Clean electrode design, for example, 
and the exceptionally hard vacuums 
achieved on Eimac-developed rotary 


vacuum pumps, result in consistently 
reliable tubes with an exceptional 
ability to withstand high momentary 
overloads and peak powers. Rugged 
filament design with high reserve 
emission contributes greatly to their 
reliability and long life. 

Stable operation at high frequencies 
is assured by low inter-electrode ca- 
pacitances and low lead inductances. 
Driver requirements and associated 
circuitry are simplified by the high 


power gain and low driving power 


requirements of these tube types. 
These features, plus other Eimac 


design innovations such as the Pyro- 
vac” plate and non-emitting grids 
make Eimac internal-anode tetrodes 
your logical choice for new equipment 
designs, as well as tube replacements, 
when exceptional performance and 
reliability are required. Most types 
available for immediate delivery. 


*Registered Trademark 


EITEL-McCULLOUGH, INC. 


San Carlos, California 











